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AIR HEATERS 


FOR HEAT TREATING—DRYING—BAKING 


The field of application for SC Direct Gas-Fired 
Air Heaters includes heating and drying processes 
and apparatus generally. 


Some of the many heating operations in which 
these heaters are employed are heat treating. 
japanning, drying, baking paint or other finishes, 
lithographing, core and mold baking, and drying 
of ceramic products. 


SC Gas-Fired Unit Heaters are 
designed for heating large or 


small offices or factories, res- SC Air Heaters are also applicable to many + 
ta ants, stores, shops, aero- i 
plane hangars, warehouses, other low temperature heating operations which ~ ¥ 
in three may be accomplished by the circulation of heat- atere are eff ent 
sizes. They can be easily and d 
economically installed because ea alr. pensive spac 
no steam piping or central heat- pies 
ing plant is necessary. They heatin: 
are efficient and economical to Operation is efficient and economical. Let our pes t ! 
operate. 


engineers give you further information. 


Surface Combustion Corporation 
2375 Industrial Street, Toledo, 


Gentlemen: Please send me your bulletin which shows other installations and gives a 
more complete story with operating data on your Direct Gas-Fired Air Heaters, I under- 
stand that I am not obligated in any way for this bulletin. 
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Company 


City . State 


Surface Combustion 


TOLEDO, OHIO SALES AND ENGINEERING SERVICE IN PRINCIPAL CITIES 
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There are many ways of looking at the passenger situation, and the artist 
has caught the spirit of the trainmen. 


HIGH SPEED TRAINS .. .. .. 


The best chance the railroads have to asin I lost traffic is by furnishing 
more speed and comfort than the automobile and more safety and economy 
than the airplane. This means new equipment, made of new metals. 


Canadian railroads are equal to those in the mone in most respects, and 
have been more willing to put strong alloys into locomotives. Mr. Williams 
discusses the advantages of both carbon and alloy steels. 


ALUMINUM IN GAS ENGINES... .. 


More liberal use of aluminum for pistons and connecting rods and cylinder 
heads has increased the speed and power from all varieties of internal com- 
bustion engines. 


Chromium alloy castings have given excellent service in comings and 
special work for years. English experience with low chromium rail dates 
back 20 years. The newest rails have higher chromium and comparatively 
low carbon, and are hard and tough without heat treatment. 


METALS FOR SHIPS .. .. .. - 


Some months ago Mr. Blewett told the New York aie about recent 
changes in ship construction that demand high strength structural steels and 


Professor Waterhouse has good 


authority behind his article on tarnish-free and corrosion resisting alloys. 

pege 32 about rails made of chro- 

mium alloy stee!, for he was metel- ARTICLES . 
ea ae and inspection engineer et Printed iia the last 30 Sdevet in other magazines, worth reading. 

Lackawanne Steel Co., (which 

operates one of the country’s PAMPHLETS .. .. .. .. a 


largest rail mills) for nearly 20 
years. Since 1929 he has been at 


‘Boston Tech”, teaching about ADVERTISING INDEX .. .. .. 64 


ron and steel, and consulting 


Offered by our while. 


Metal Progress Is Owned and Published by 


THE AMERICAN SOCIETY FOR METALS 


4 >»pyrighted 1934, by the American Society for Metals (formerly American Society for Steel Treating), 7016 Euclid Avenue, Cleveland, Oh 
ued monthly; subscription $5 a yeer. Entered as second-class matter, Feb. 7,1921, at the post office at Cleveland, O., under the Act of March 
870... . American Society for Metals is not responsible for statements or opinions printed in this publicetion. Editorials are written by 


€ Editor and represent his views. He is also sponsor for unsigned and stef articles. Ernest E. Thum, Editor. 
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CARBURIZING 


HEREVER the use of a carburizing steel is indicated, Timken Nickel-Moly will meet 

\X) every requirement with a wide margin of safety and economy. Even in such highly- 

stressed parts as modern automobile ring gears and pinions, Timken Nickel-Moly Steel assures 

maximum strength and wear resistance because of high and uniform chemical and physical 

properties; correct metallographic structure; uniformly-controlled grain size; high carburizing 
efhciency; satisfactory response to heat treatment; and high core ductility. 


‘ Timken Nickel-Moly cuts production costs because it machines easily, smoothly and accurately; 

4 shows minimum and uniform distortion—even when quenched direct from the carburizing 
medium—thereby permitting shop practices to be stabilized and a great deal of piloting, 
grinding and lapping eliminated. 


Furthermore simple carburizing and hardening methods can be used without sacrificing any 


desirable characteristics. 


Timken pioneered the production of nickel'molybdenum alloy steels and has developed them 
to high standards of performance under the toughest service conditions. 


Our metallurgists will gladly work with you in adapting Timken Nickel-Moly Steels to your 
requirements. 


THE TIMKEN STEEL AND TUBE COMPANY, CANTON, ons 


District Offices or Ret ntation in the following cities Detroit Chicago Bones York Los Angeles Boston Philadel 
Houston Buttalo oe hester Syracuse Tuls a Cleveland Erie Vorld’s Large st Producer of Electric Furnace St 


ELECTRIC FURNACE AND OPEN HEARTH - ALL STANDARD AND SPECIAL ANALYSES 
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says 


REG. U. S. PAT. OFF. 


o! to Corrosion 


YOUR 
PRODUCT 


Y ov need not worry about atmospheric corrosion of steel when you rustproof with Duozinc. This process offers the 
most efficient method of applying coatings of zine—long recognized as the most effective metal for protecting steel 
surfaces against atmospheric corrosion. The low cost of zinc makes its advantages in this respect even more striking. 


The mercury OZING aids i ing able enti 

e mercury content of Dt ZINC aids in forming durable, exceptionally fine FILL IN... CLIP... MAIL 
grained deposits offering more-than-usual” resistance to the ravages of atmos- 
pheric corrosion. Then, too, the mercury content improves the throwing-power, | ¢ 1 a. pont de Nemours & Co.. Ine. 
~o that smooth and deeply recessed articles are uniformly coated. From a manu- Wilmington, Del. 


Gentlemen: Please send me my copy 


facturing standpoint the mercury in the Duozinc process presents additional on 


| 

| 

economies through simplified control of the solution by reducing sludge, lower | ' #™ Particularly interested in plating : 
operating cost and less frequent solution manipulation. : 
If your operation demands a process embodying these features | Name 7 
1. Effective medium for protection 4. Easy application of coating : Position | 
2. Even coating of protective layer 5. Low operating costs | ttsiaane | 
3. Protection in recesses 6. A product with definite sales advantages | | 
investigate Duozinc. Send the coupon on the right for your copy of descriptive ! 


Town & State 
literature. | | 


INVESTIGATE QU RIE Chemicals* 


RES. PAT. OFF 
for Electroplating: DUOZINC* (Zinc-Mercury) Anodes; PUROZINC* (Pure Zinc) Anodes; CYANEGG* (Sodium Cyanide 96-98%); Gold, 
Silver, Copper, Zinc, Nickel, Potassium Cyanides; Sodium Stannate and Sodium Acetate for Electrotinning; Non-Flammable Solvents for 
Degreasing; Other Chemicals. * REG. U. S. PAT. OFF. 


R.& H. CHEMICALS DEPT., E.1. DU PONT DE NEMOURS & CO., INC., WILMINGTON, DEL. 


jet Sales Offices: BALTIMORE - BOSTON * CHARLOTTE ~ CHICAGO - CLEVELAND ~- KANSAS CITY 
* NEWARK - NEW YORK - PHILADELPHIA ~- PITTSBURGH ~ SAN FRANCISCO 
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SPEED TRAVEL 


requires new cars and engines 


N ONE STRETCH OF U.S. ROUTE 6, 

the newly built highway parallels a 

double track Class | railroad and the 
banks of an old barge canal. Alongside is the 
broad and placid Susquehanna, while overhead 
flies an occasional mail plane. 

At one glance is seen the transportation 
problem of America. The river, the first high- 
way into the backwoods, long unused, even 
though frequently improved by Uncle Sam as 
an inland waterway. Next is the canal bed, the 
“modern” transportation of a century ago, now 
grass grown. Then the railroad, the most 
powerful unifving force in these United States 
during the last 50 vears. Is our railroad system, 
worth 30 billion dollars, to retrograde like the 
river and the canal, from failure to compete 
with motorized transport on highway and in air? 

Since 1920 the passengers carried by rail- 
roads have decreased 40°. ! Almost all of the 
short haul business except commuters has gone 
'o private automobile and to busses. “Oh, well,” 
said the railroader, “that traffic never paid for 
‘self anyway. We still have the profitable 
‘ullman rider.” But now even that business is 

cing eaten into, as more and more long jumps 
e made by air. 

Up to 1929 his attitude toward motor trucks 

is similar, for they carried only about 2‘. of 


¢ nation’s freight. What the figure is now can 
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only be guessed, in view of the truck fleets de 
livering overnight from shipping platform to 
receiving shed anywhere up to 200 miles away. 

Passenger traflic is the subject of the pres- 
ent article. Some railroad men think it is not 
worth regaining. Others have long been making 
a consistent effort to improve the equipment, 
air condition the trains, and better the sched- 
ules, so as to retain the old patronage for dis- 
tant journeys, or for shorter trips in congested 
areas. The iatest and most spectacular moves 
in this direction have been the development of 
high speed, stream-lined units of light weight, 
driven by gas engines or diesel-electrics. Their 
use is frankly experimental, for what combina- 
tion of fare, speed, comfort, and convenience is 
necessary to woo the traveling American back 


to the rails is entirely unknown. 


Efforts to Regain Traffi« 


Doubtless the optimum combination will 
be different in different regions. In the con- 
gested New York to Washington area, for in- 
stance, most attention is being given to frequent 
service, acme of comfort, and reasonably high 
speed from home to destination. Present sched- 
ules of steam-drawn express trains average 
D0) miles per hour somewhat higher than in 


any other region. Electrification of the Pennsyl- 
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Union Pacific 


aT quer, 


1 600-hp. gas-electric drive gives it 90 miles per hour cruising speed 


vania railroad will permit this speed to be 
doubled if necessary, even with the heavy 
passenger cars now existing. It is a fact not 


widely understood, however, that this S150.000,- 


(WO Improvement was authorized at atime 


when freight traflic had all but overloaded the 
existing tracks, and it was believed cheaper to 


handle longer trains at higher speeds by electric 


Iriiculated Three-Car Train, Using Maximum Amount of Strong 
eanary 


Exterior finished in golden brown and 


Like- 


wise a fast regular run, Washington to New 


locomotives than to lay additional rails. 


York, will quite probably apply to perishable 
freight before a 4's hr. run will be printed in 
the passenger schedules. 

The problem in the more sparsely settled 
west and southwest is quite different. There it 
is necessary to regain patronage rather than 
retain it. Likewise the distance between centers 
is much greater, and railroad fare at 3.6¢ per 
mile is an item. Existing express schedules are 
usually slower. For these reasons the operating 
officials of some railroads are staking their 
hopes on lower fares, but at least three others 
have bought light weight, air conditioned trains, 


for extremely fast service on long runs. 
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Most publicity has been given the $200,000 


three-car unit built for Union Pacific system by 
the Pullman Car & Mfg. Corp. As seen from the 
photograph alongside, it is a radically different 
type of passenger equipment, streamlined for 
high speed, and expected to operate at a mini- 
mum of cost. 

Maximum use of strong aluminum alloys 
(112 


weighing 8&8) tons, com- 


has produced a three-car unit 
passengers) 
pletely equipped — about the same as 
a single sleeping car. Motive power is 
furnished by a 600-hp. Winton V-12 
gas engine, direct connected to a 425- 
300-hp. traction 


kw. generator. Two 


motors are mounted on the axles of 
the front truck. With 
iaries this entire power plant weighs 
67 Ib. 


only about one-third 


necessary auxil- 
about 20 tons per horsepower, 
as much as re- 
quired in a modern steam locomotive. 

As long ago as 1925 passenger car 
builders began to save weight on roll- 
stock 
doors, conduit, fittings, and 


by using aluminum for 


ing 
interior 
sheathing, thus saving from 6 to 8° 
on the total. In this Union Pacific uni! 
advantage has been taken of auto- 


mobile body and aircraft fuselage 
design — that is, the entire frame ol 


the car, including interior and exterior 
yellow 

sheathing and floor plates, is riveted 
together as a tubular beam to take the 
stresses and impacts of starting, move 
All interior de- 


for instance 


ment, and stopping. 
tails and equipment are refined 
the tea services weigh 189 Ib. as compared to 
230 Ib. for the equivalent chinaware found in a 
dining car. 
take less 


Streamlining also reduces wind 


Light-weight trains obviously 
motive power. 
resistance at high speeds. The shape of th 
front and rear ends of this unit was worked ou! 
during experiments in the wind tunnel at th 
University of Michigan; it is estimated tha! 
these end shapes (plus flush windows, doors 
and vestibules, and completely shrouded trucks 
save half the power required at 100 miles p: 
hour were the cars of conventional shape. 

So much for the elements which lend his 


speed. Comfort to passengers is another in 
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tant feature, provided by many luxury items. 


power plant includes an air-conditioning 

| which delivers washed air of proper tem- 

ature and humidity by underfloor duct to a 
register at each seat; exhaust vents are in the 
cciling. Air pressure is slightly above outside, 
so there is no infiltration of dust around window 
ind door frames. Roll is reduced by a low 
center of gravity: 38 in. from the rails, instead 
of 58 in. commonly found in standard steel cars. 
Much consideration was given to pneumatic 
tires, but their reliability at high speeds was 
questioned, so conventional rolled steel wheels 
are being used. 

Speed and comfort are useless unless 
safety is guaranteed, and this new train has 
various interlocking safety devices and auto- 
matic signals which attract the notice of rail- 
roaders. Fuel is a petroleum distillate with low 
flash point (described as “non-explosive”) con- 
tained in tanks under the engine room floor, and 
pumped through special carburetors in a thin 
stream only as required. 

While the above description has done no 
more than mention the most interesting inno- 
vations in this railroad unit, it is obvious that 
a surprisingly great use has been made of the 
best modern metals and alloys. Aside from the 
frame and sheathing, the roller bearings, the 
yas engine with its welded frame and cylinder 
jackets, the electrical equipment, the air condi- 
tioner and the many automatic controls all re- 
quire materials and fabricating processes 
somewhat strange to the old-time railroader. 


Light combined with 


weight adequate 
strength is also possible with the use of stain- 
less steel, properly welded. No allowance for 
corrosion need be made; neither is any extra 
inetal necessary to take care of joints less than 
100". efficient, if the parts are properly welded 
together. Consequently only the net amount of 
metal required at positions of maximum stress 
needs to be provided. The gross weight (in 
comparison with ordinary mild structural steel 
vo! 18,000 Ib. per sq.in. ultimate tensile strength) 
‘'s further reduced, owing to the ability to 
strengthen the austenitic 18° ¢hromium 
kel alloy to 180,000 Ib. per sq.in. by a mod- 
‘te amount of cold rolling, with the retention 
considerable ductility, as indicated by an 
ngation of 12% in 2 in. 
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These ideas, first worked out by aeronaut- . 
ical engineers, have been promoted for some 
time by the Edward G. Budd Mfg. Co. of Phila 
delphia in connection with its patented process 
of “shot welding” — an extremely rapid method 
of spot welding described in Merat Progress 
last July. (The current-time-pressure relation- 
ship is closely controlled, so the heat of welding 
softens and changes the microstructure at the j 
faying surfaces in a region so restricted that the 
outside of a 0.010-in. sheet is unaffected.) The 
first application for railroad traflic was made 
early in 1932 in the form of a 40-passenger 
suburban motor car for the Reading Railroad. 
Next came a two-car unit for the Texas and 
acific Railroad, delivered since New Yeatr’s. 
A three-car unit for the Burlington system ts 


under construction. 


Framing of Power Plant Car of Burlington Three-Car Train, Using 
Maximum Amount of Stainless Steel. Note heavy front end con a a. 
struction, motor foundation and box girder effect of entire : 
skeleton. Some external sheathing is attached at fhe far en 


While these units have details which differ 
in numerous respects, the method of achieving 


lightness in the structure, together with strength ‘i 


and rigidity, is the same, and is important 
enough for a brief discussion. It hinges on the 
ability, by welding, to build up structural shapes 
which utilize the metal in a much more efficient 
way than a rolled beam, for instance. 


Compare a 5-in, I-beam of structural steel 
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with a built-up girder of cold-worked 18-8; com 


parative cross-sections are shown in the sketch. 
fhe moment of inertia of the two is the same 
(12.1), but the sectional area is 2.87 sq.in. for 
structural steel, resulting in a weight of 10.0 Tb. 
per running foot, whereas the area of the 18-8 
beam is 108 sq.in. and the corresponding 
weight only 3.8 Ib. The safe bending moment 
carried by the structural steel is 87,000) in-tb., 
whereas the 18-8 beam is safe against 150,000 
in-lb. (factor of safety of 1). The web thickness 
of the I-beam is ', in. but in some places 18-8 
load-carrying members are no more than 0.012 
in. thick. 


paint, so the designer has the utmost freedom in 


Even this need not be protected by 


using closed or box sections in inaccessible 
places. The modulus of elasticity of 18-8 is the 
same as carbon steel, so excessive deflections 
under given loads are not a problem. 

By proper design and use of cold-worked 
18-8, shot welded into a homogeneous structure, 
the Budd Co. finds that the weight of one of 
these new passenger cars of the day-coach type 
is 730 Ib. per passenger, as compared with 1620 
Ib. per passenger in the present standard equip- 
ment. Parlor car construction is heavier, 
weighing 1300 Ib. per passenger, but even this is 
much lighter than a steel Pullman, which weighs 
1200 Ib. per passenger. 

Comparative cost figures are about as fol- 
lows: An eight-car express train with steam 
locomotive (capacity of 380 passengers) weighs 
1,630,000 Ib. and costs about $365,000, which 
figures to 22¢ a pound or $960 per passenger. A 
diesel-electric train made of 18-8, carrying 236 
passengers, weighs 230,000 Ib. complete and 
costs S3800,000. This is $1.30 a pound or $1270 
per passenger. Estimated operating costs at 70 
miles per hour are, however, $1.60 for the steam 
train, and 60¢ for the diesel-electric. Those 
mathematically minded can figure in the in- 
terest on the investment and compute the num- 
ber of passengers which must be carried before 
the railroad breaks even on the operation. The 
balance appears to be on the right side, for, as 
remarked at the outset, the Texas and Pacific 
railroad already has a two-car unit operating 
between Fort Worth and Texarkana, a 500-mile 
round trip on a 10-hr. schedule, about half the 
time of steam trains. The Burlington has also 


ordered a three-car unit. 
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Beams With Same Moment 
Inertia. The box gir 
welded of 18-8 strip weighs 
| of the 35-in. I-bea 
and safe against 50 
greater bending moms 


Conservative railroad men are apt to com 
pare these very light aluminum and _ stainless 
cars to the fragile wooden cars of earlier days, 
and even have dubbed them “tin trains.” “What 
will happen to them in a wreck? Will they 
fold up like a crashed airplane, or be demolished 
in a grade crossing accident?” This is, of 
course, a very pertinent question; it can lx 
stated immediately that the cars are built to 
M.C.B. specifications and are in no respect a 
fragile construction. 

It is well known that the energy due to 
motion of a body is proportional to its mass and 
the square of its velocity; the potential damay 
to the car body from a derailment of a 20-ton 
passenger car at 90 miles per hour is no 
more than to its 80-ton counterpart traveling at 
miles per hour. Structurally, then, the 
strength and rigidity of the aluminum or 15-8 
car is made equal to the standard steel constr 
tion (which has been proven by experience to 
be safe), there should be little fear of excess:\ 
damage from an ordinary mishap. 

Naturally the railroad man’s first effort ts 
rather than construct 


to avoid accidents 


damage-proof rolling stock. Hence the high 
speed trains have the latest improvements in «ir 
brakes, and a multiplicity of safety devices. |v" 
light cars can also be stopped very quick! 

likewise the motor-man is placed in a posi)o! 
where he has best visibility, both sides of (‘te 
track. The matter of rapid acceleration 


deceleration is of great importance to |} th 
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omy of operation and safety. These facts 
not hypothetical, they have been proven by 
opean experience with such a train as the 
ving Hamburger.” which cuts the regular 
dule in half. 

Some data on the units already designed 
. be interesting. The Reading car has a 
skeleton made largely of 0.030-in strip and is 
sheathed in 0.010-in. metal. The trucks are 
of riveted carbon steel, each having six disk 
wheels carrying 30x3-in. tires inflated to 85 Ib. 
\n inner rim prevents the flanges from riding 
lisiplates if the tire is flat. Springs are of rub- 
ber, compression type. Brakes are of expand- 
ing automotive type, and can stop the car from 
i0 miles per hour in 400 ft. This car has a 
diesel-electric drive, with Cummins six-evlinder 
engine, 

The Texas and Pacific unit consists of an 
cngine-baggage-mail car, riding on eight steel- 
tired wheels, and air-conditioned  76- 
passenger car riding on 16 pneumatic. tires. 
lrucks are largely of cast steel. Two 240-hp. 
\merican La France gasoline engines are direct 
coupled to generators at the front end of the car 
(and for repairs can be rolled directly forward 
oul of the car, through wide open doors.) A 
high speed driving motor is geared to each of 
the four axles under this car. Top speed is 80 
miles per hour. In both generator and motor 
the maximum amount of aluminum and self- 
ventilation is utilized to reduce the weight to 13 
‘hb. per kw. and 11 Ib. per hp. respectively. 


The Burlington unit is to negotiate some- 


ks and Main Frame. 
fruck, drive through worm = gear. 


Railplane” Uses Oxwelded Chromium-Molybdenum Tubing 
Gas engines, mounted on either side of 
Car body, partly 
is shown at rear; note skeleton of tubing and outer metal 
wathing adapted from the standard design of aircraft 


what greater distances; it has two passenger- 
carrying trailers instead of one, and a compart- 
ment for buffet service. The power plant is a 
6H00-hp. straight-eight diesel engine (Winton) 
and generator-motor equipment capable of 120 
miles per hour speed. Units are articulated at 
ends (ride on common trucks) like the Union 
Pacific unit, and present no irregularities in 
outer contour at the vestibules. 

Space permits nothing more than mention 
of many interesting attempts to provide more 
adequate transportation on lines whose tratflic 
has been all but lost to busses. Experience indi- 
cates that substitution of a motor car instead of 
a steam train, operating on the old schedules, 
will not recover traflic, even though it cuts the 
cost per car-mile. Hence the recent proposals 
(like the “rail-bus” —— its name sufliciently indi- 
cates its appearance and construction — of the 
Four Wheel Drive Auto Co. and the Clark 
“Autotrain,” a luxurious limousine riding the 
rails) adapt conventional automobile engines 
and drives, and have acceleration and running 
speeds comparable with their highway counter- 
parts. Wheels have a thick layer of rubber 
vulcanized securely inside the steel tire (stand- 
ard of Master Car Builders) and then pressed 
onto steel or aluminum centers. Roller bearings 
are, of course, provided throughout, in all this 
high speed rolling stock. 

Because of its interesting use of welded 
chromium-molybdenum steel tubing for a 
structural skeleton, the Pullman “Railplane” 
built by the Stout) Engineering Laboratories 
warrants some space. The illustration 
alongside shows how this method of 
framing, now practically standard for 
aircraft fuselages, has been used even 
in the trucks. in) combination with 
some high strength steel castings. 
Roadway shocks and noise are in- 
sulated from the car body not only 
by the rubber rings in the wheels, but 
by the use of rubber bearing pads at 
axle journals, spring seats, and king 
pin. Power to drive the car at 60 
miles normal speed (90 maximum) is 
had from two 6-cylinder Waukesha 
gas engines, cach capable of develop- 
ing 160 hp. The accompanying view 


shows how they are mounted outside 
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the wheels; they are housed in a pocket inside 
the car sheathing, and thus are shrouded so as 
to offer litthe wind resistance. Liberal use of 
alloy steels in engine and drive, following con- 
ventional automotive practice, is a matter of 
course. An automatic drive avoids any gear 
shifting. 

In the design of this car the first require- 
ment was adequate strength torsional 
rigidity; next the weight was reduced to a 
minimum and with low center of gravity to 
avoid the rolling of interurban cars; full stream- 
lining gives high speed with moderate power. 
As a result this 50-passenger unit weighs but 
tons complete. 

It will be observed that the above ideas and 
achievements toward high rail speeds use some 
motive power other than the tried and true 
steam engine. Whether the expected economy 
from diesel or gas-clectric units will actually 
accrue will depend upon whether these com- 
plicated engines can be built rugged enough to 
operate for several thousand hours without 
general repairs. Two large and amply proven 
advantages of the steam engine, with hardly 
one-quarter as many moving parts, are the 
reliability and low maintenance cost. 

Special runs have been made frequently 
enough in the last half century to indicate that 
there is no reason why steam engines 
cannot provide any speed which the 
rails, road bed, and bridges will en- 
dure. The American Locomotive Co., 
for instance, has already designed 
several locomotives capable of run- 
ning 120 miles an hour, in which are 
incorporated all the advances in ecngi- 
necring brought forward in the last 15 
vears. In order to reduce wind resist- 
ance and improve appearance, Otto 
Kuhler (an 
work is known to readers of Merat 


engineer-artist whose 
Process by his fine etchings) has been 
retained. One of the designs is shown 
in an accompanying view. 

Trend in modern engines has been 
more and more toward clean outlines 
of the boiler, with stack, steam dome, 
and sand box suppressed. A more 
complete shrouding molds the front 
end, covers the running gear, and 


22 


joins up with the tender. In Mr. Kuhler’s des: op 


the fender has stout rails for anti-climbers; 4]! 
top auxiliaries are in a cowling behind the head- 
light and the cab is streamlined to full width of 
the train. Service openings and demount- 
able sections give access to the machinery. 

It is contended that if light-weight trains, 
such as those cars exhibited at the Century of 
Progress, are coupled to light-weight locomo- 
tives into a single streamlined train, the result- 
ing rapid and reliable schedules will be all that 
can be desired. Change from old equipment 
can be made with the present crews and ter- 
minal and shop equipment, and after such im- 
provements to the right of way as would be 
necessary to provide safety and comfortable rid- 
ing to any high speed unit. These ideas ar 
being tested experimentally by at least one of 
the important Eastern railroads with two com- 
plete trains, one passenger, one freight, recon- 
dilioned for 80-mile speeds. 

Whether or not the ultimate result will b 
achieved with electricity, gas, or steam (a com- 
bination will doubtless rule for many years to 
come) the drive toward high speed transporta- 
tion of railroad passengers will mean much new 
equipment, engineered in the light of the auto- 


motive and aircraft developments, and utilizing 


large quantities of quality metals. 


High Speed Steam Engine, Streamlined with Duralumin or * 
less, Designed by American Locomotive Co., Modeled by hk 
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by Frederick H. Williams 


Assistant Test Engineer 


Canadian National Railways 
Montreal 


MODERN LOCOMOTIVES 


seldom fail from poor metal 


Ly POWER IS OF PERENNIAL IN- 
terest to railroad men. Some regard it 

as a matter of course; others never quite 
get over the thrill of a powerful, vibrant loco- 
motive. In this they are like the two men who 
were looking at Niagara Falls for the first time; 
one was awed by the grandeur of the scene, 
the natural beauty and tremendous power 
thrilled and humbled. The other could not see 
that there was anything so wonderful in a 
stream of water falling over some stones! Every 
railroad man is either one or the other in his 
view of motive power. Personally I believe 
there is more to it than mere “water falling over 
some stones.” 

Some of the questions most frequently 
asked by our friends in the mechanical indus- 
tries, sometimes with an air of slight superiority, 
are “Why do locomotive builders stick so close 
fo common iron and low carbon steel? Why 
are not some of these massive parts replaced 
with special alloys? Why don’t you take some 
weight off your wheels?” 1 will attempt to 
answer them. 

First, we must continually bear in mind 
that the most perfect steel ever produced will 
not of itself give us ideal results when applied 
‘0 railroad rolling stock, engines particularly. 
i other words the treatment and mistreatment 
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it gets in shop and service is the ruling consid- 
eration. Second, the full value of ordinary steels 
has frequently not been obtained when the rail- 
road man has rushed to the more expensive 
special steels, only to find himself in no way 
better off — often worse. This is not faney, it is 
fact! Any study of the cause of failure of the 
ordinary steels will emphasize the belief that 
(under like conditions) special steels would 
have failed as readily. 

Corrosion plays a leading role in. service 
failures if it is not properly understood and 
carefully eliminated as far as humanly possible, 
Heat treatment, chemical content, and mechan 
ical work all have their hand in upsetting o1 
aiding the perfect and eflicient: service cach 
grade of steel has in itself. Machine work im 
properly done is a star actor in ruining the best 
intentions of man in meeting the requirements 
of the locomotive. 

One has but to look at the fracture of a 
12-in. axle to realize the power of little things 
A progressive crack, traced in clear diminish 
ing waves to its source, shows that a tool mark 
0.01 to 0.02 in. deep has caused its downfall. 
This, also, is not fancy; it is fact. Perhaps if a 
census were taken of failures, a greater per- 
centage of the whole would be found to be 


caused by tool marks. This applies to ordinary 
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as well as special steels. Think of this and 
then think of the fact that a tool mark 1/64 in. 
deep on a main driving axle may cost a railway 
a quarter of a million dollars. 

When one first starts the study of failures, 
the tendency is to expect the microstructure to 
give a clue to the problem of why this or that 
failure occurred. One soon finds out that won- 
derful as the microscope is, useful as it was, is, 
and will be, the first approach to the subject 
must be from the more prosaic angles of ma- 
chine shop practice and the service the part was 
called upon to meet. 

It cannot be too emphatically stated that 
a proper conception of proper machining is nec- 
essary to the satisfactory functioning of ordi- 
nary steels, special steels, and even of superla- 
live steels. One must be fully conversant with 
the uses of the parts and the stresses they have 
to withstand, and also fully aware that rough 
machine work should not be tolerated where 
reverse stresses are prevalent, and that fine 
machine work is wasted where no stresses come 


and the appearance is not important. 
Damage by Careless Machinists 


A coarsely turned fillet is an invitation to 
failure, regardless of the steel used. A scored 
or cold worked surface in a fillet means ultimate 
failure, be the steel plain carbon or the finest 
alloy, when the working stresses, concentrated 
at the seratch, are more than the endurance 
limit of the metal. 

It is a debatable question as to what “fa- 
tigue of metal” consists of, and even whether 
the name is correct. Regardless of those ques- 
tions, it has been amply established that the 
endurance limit of a steel under alternating 
stresses has a real value much less than the 
tensile strength. This value may be expressed 
in pounds per square inch, and is as dependable 
as any of the other mechanical properties. Its 
value has been determined experimentally for 
all of the common steels and alloys. But these 
determinations are useless, and worse, if they 
are depended upon for their full value in parts 
where the value is shattered by tool marks, 
score marks, corrosion from many substances, 
or cold worked surfaces. 


The railroad man often does not clearly 


realize just what corrosion does to his work 
True, he may have an idea of the wastage re- 
sulting from heavy rust, but he does not un- 
derstand that many failures of parts in service 
are due to corrosion. When he tries to over 
come these failures by using a special steel he 
may be greatly surprised to find them still oc 
curring. He is merely verifying in a practical 
way the laboratory finding that the endurance: 
limit of a heat treated or alloy steel is no higher 
than an annealed carbon steel if both are tested 
in mildly corrosive surroundings. 


Failures due to stress-corrosion and to pres- 


at 
SOR 


Tool Marks on Wheel Fit of Fractured 12-In, Axle 
Two chalk marks locate start of fatique cracks on 
tool marks. Tool marks are somewhat indistinct ir 
bands; these bands are due to pressure-strain cor 
rosion, and give the appearance of the axle “bleed 
ing’ at the line of contact with wheel center 
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yments of Steel Tire, Un- 
ed at Left, Etched at Right. 
ughly turned tread contains 
ries of hills and valleys. 
-e shoes heat the hills and 
hot metal is cooled by metal 
erneath, so hills are chilled 
crack, As many as 35 cracks 
e-eighths of an inch deep 
e been found in one tire 


sure-stress-corrosion are 
very common and varied 
and occur in strange 
places. Boiler plates, 
boiler tubes, firebox 
sheets, piston rods, axles, 
crank pins, staybolts, all 
fail through this insidious, 
creeping, penetrating ac- 
tion. Much has been writ- 
ten about its character- 
istics, if not completely on 
its occurrence, 

For instance, a piston 
rod fails near the cross- 
head fit, just where the fit is tight; at first glance 
it seems to be a clear case of “fatigue,” but one 
finds upon closer examination a strangeness of 
the direction in which the crack penetrated the 
surface. The clearly written papers by D. J. 
McAdam, Jr., and others give us the clue: Fa- 
ligue certainly, but stress-corrosion to start 
with; perhaps pressure-stress-corrosion 
“bleeding” (which gives a dark, sometimes 
bloody appearance to the surface of the axle or 
crank pin for as much as fin. width of surface). 

These causes may not require special steels 
to cure them, but special attention to mechan- 
ical, physical, or chemical changes to remedy 
1 condition that would be similar and lead to 
similar trouble even with a special steel. 

Now-a-days, when one mentions special 
steels, it is alloy steels and not plain carbon 
steels that come to mind. Before going to these 
illov steels to meet special requirements, the 
ngineer should halt and consider the question 
‘Have L used the carbon steel to the limit which 
‘can be used? Have I taken advantage of its 
‘cellent qualities to the fullest extent?” He 
ay find that he has not, vet the value of utiliz- 
ig plain carbon steel to the fullest is untold. 
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How many railroads have oil 
quenched and drawn their carbon 
steel axles or crank pins? How 
many have heat treated their car- 
bon steel tires? Not all, | am 
sure. (While we can hardly call 


axles and tires “special” steels, 
they deserve special frealment.) 

Possibly times to come, 
special steel will be so advan- 
tageous that carbon steel of itself 
will be cast aside. So, perhaps, in 
the more distant future, what we 
now call “special steel” in its turn 
will go into the discard; our com- 
mon carbon steels of today were 
once quite special. 

A word or two on plain car- 
bon steels for axles —- those 12-in. 
ones bored 4 in. end to end that 
to the eve seem all too large. 
Even in this size and design the 
plain annealed carbon steel axle 
is too weak for the work required 
by heavier loads and higher 
speeds. It is asked “What do we think of 
quenched and drawn carbon steel axles to re- 
place plain annealed carbon steel axles (as well 
as alloy steel axles of premature birth)?” We 
believe such a substitution will be most satis- 
factory. Experience to date with oil quenched 
and drawn carbon steel axles is beyond expec- 
tations; certainly a special steel for axles is not 
vet required. Its use is pushed further and 


further into the realm of the future. 
Heat Treated Axles 


It is well to note the reason for this move 
toward a heavy heat treated part which might 
be considered rash. Quenched steel axles are 
not accepted as practical things by some rail- 
road men, but they find themselves on the horns 
of a dilemma. In developing heavy power, the 
locomotive designer specified hard bronze for 
journal bearings and overlooked the contact 
surface of the annealed steel axles and crank 
pins, with the result that things were not as 
pleasant as desired. Quenched and drawn 
axles give the desired bearing qualities and also 


add strength and fatigue resistance — all most 
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necessary. The results are that axle failures are 
reduced practically to nil. 

Consider also springs: Numerous plain car- 
bon spring failures put in an appearance as the 
power gets heavier and faster. Again special 
stecls are strongly  recom- 
mended, and again we urge 
sticking to carbon. steel. All 
that is necessary is to change the 
treatment; the improvement is 
spectacular, for failures are re- 
duced to a mere fraction of the 
old time record. Perhaps this 
can be made clearer by stating 
that formerly the spring. steel 
leaf was formed, quenched and 
drawn with one heat. Today 
the spring leaf is heated to form, 
allowed to cool, reheated to 
quench, and again reheated to 


draw. All these operations are 


carried out at proper tempera- 
ture and times. Similar im- 
provement is noted in coil springs — the view 
on page 27 shows what happens to such a spring 
improperly fabricated. It is very questionable 
whether a fine alloy steel would have fared any 
better under similar mistreatment. 

There is no doubt in my mind that special 
steels will eventually be used for springs to 
greater advantage than plain carbon steel, but 
it is well to remember that the special steel re- 
quires special attention, and only by careful 
handling can any improvement be made. There 
are great possibilities in alloy steels, but all 
should be carefully studied and tested in serv- 
ice before the good old reliable carbon steel is 
discarded. It is a cheap, easily handled steel of 
good serviceable characteristics. 

Recent studies of grain size by the Me- 
Quaid-Ehn test open up new possibilities for 
carbon steel and give ‘Such new life to this old 
material as may astonish its friends. Not that 
it gives us new creations, but that it opens up 
new lines of thought and explains happenings 
that were unexplainable heretofore. For in- 
stance, it is my opinion that an axle of coarse- 
grained steel (after the MeQuaid-Ehn test) will 
have a greater tendency to crack from over- 
heated journals than one having a fine grain. 


While emphasizing the thought that the 
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the more conventional time- 
tested materials for reasons 
discussed in this article. 
Vr. Williams writes from 
a very extensive experience 
with locomotives built for 
100-mile top speed and a 
75-mile cruising speed; 
their regular schedule calls 
for runs of 333 miles in 
six hours, including stops 


most has not vet been got out of common ste 

one should not forget cast iron. Cast iron h; 

frequently been called a material rapidly by 
coming obsolete as regards locomotive constru: 

tion. It is not by any means obsolete; it. is 
coming into its own more tha) 
ever, owing to changes in physi 
cal characteristics that are usu 
ally brought about by the addi 
tion of alloys. 

Some vears ago, when asked 
to give an opinion on cast stee! 
for cylinders on an order of 20 
of the large, heavy locomotives, 
and having studied the subject 
and collected data on the use of 
nickel in cast iron for years, the 
following recommendation was 
given: “That the cylinders be 
made of nickel cast iron.” The 
application of cast steel eyvylin- 
ders was being pushed at the 
time, since ordinary cast iron 
was not considered up to the requirements of 
the service. My recommendation was adopted 
and the Canadian National Railways became 
pioneers in the use of nickel cast iron locomo- 
tive evlinders on a large scale; we have never 
regretted the steps taken. 

Nickel cast iron has many advantages and 
good points comfortable, satisfying points 
and one must include it in any consideration of 
special metals fit for locomotive construction. 
One can also include other alloy irons as wel! 
in this category, some not used as much, but! 


worthy of consideration. 
High Strength Castings 


Cast iron of 50 to 60,000 Ib. per sq.in. ten 
sile strength is worthy of note. Cast iron fre: 
from porosity (other than its) characteristi 
graphite areas), cast iron remarkably uniform 
throughout, is not to be despised. Therefor: 
railroad men and designers generally should 
consider alloy cast iron as a special material 0! 
great usefulness, worthy of thoughtful consi: 
eration, not only in cylinders but in man 
other parts where the tendency was formerly t 
ward the special steels. 


So much has been said about the hidd« 
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excellences of carbon steel and common iron 
that the reader may assume that alloy steels 
have not been put into locomotives. As a mat- 
ter of fact, alloy steels will have a great place 
in the development of tomorrow’s locomotive. 
In fact they have even now, only I wish to warn 
against the indulgence of special steels before 
they have really been tried out in service. 

Engine frames are being made extensively 
of alloy steels such as nickel steel and vanadium 
steel, even though carbon steels are quite com- 
mon in the large and heavy locomotives. Nickel 
steel is being used in wheel centers, crossheads, 
and other castings, giving an added strength and 
toughness to the part that is not adequately fur- 
nished by plain carbon steel. Side rods have 
been made of nickel steel, vanadium steel, and 
other alloys which have given excellent service 
at reduced weight and increased strength. 

Alloy or special steels are also being used 
in boiler and firebox construction, as the steam 
pressures are boosted higher and higher. Stay- 
bolts made of steel with a small percentage of 
nickel have proved the advantage of special 
steel for special purposes. 

Definite and clear lines should be estab- 
lished. It is dangerous to use several kinds of 
steel on one particular shape, for they all look 
alike to the repair man — he cannot be expected 
to distinguish between a carbon steel and a 
nickel steel forging. In case it is necessary to 
heat treat in a repair shop, as after a straighten- 
ing operation, an error on his part may involve 
an expensive failure. 

To give in detail the uses and varieties of 
special steels, their characteristics and analyses 


would involve too extensive an article. 
Weldability Important 


In the use of special steels as well as plain 
carbon steel, one must not neglect to consider 
the necessary welding processes, both oxy-acety- 
lene and electric, and the cutting operation by 
the oxy-acetylene torch. Alloy or special steels 
frequently do not react favorably to the heat 
inseparable from these operations, and this fact 
again favors the use of carbon steel. 

Welding, cutting, or building up of locomo- 
live parts made of special steels, if the proper 


and subsequent annealing or heat treating is 
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neglected, ends disastrously for both railway 
and welding equipment manufacturer. This 
point is proven without doubt, as metallurgy has 
made such strides that rarely, if ever, can a 
failure lack evidence of its cause. The “perfect” 
repair is not without some clue indicating its 
presence ! 

Welding and cutting is frequently done 
without dismantling and in very restricted quar- 
ters. In some such cases careless and dishonest 
work has resulted in bad accidents. 

One final word: It is hoped that these re- 
marks and illustrations, which apply so fre- 
quently to failures, may not lead to a distorted 
view of the situation existing in motive power 
departments. Failures in metal are the rare ex- 
ception rather than the rule. It is the railroad 
man’s job to make them even rarer. But more 
information can be had from one failure than a 
dozen successes hence their importance to 
designers, metallurgists, and inspectors, and 


their preponderance in such an article as this. 


Fractured Coil Spring of Carbon Steel. Bar was 
scored in rolling mill, and such marks are frequent 
causes of failure. This spring was oil quenched from 
the mandrel and then pulled out before cold to be 
fempered by its own heat; about two-thirds of the 
cross section of the coil had a martensitic structure 
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by G. D. Welty 


Engineer 


Aluminum Co. of America 
Cleveland 


automobile, 
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aircraft, diesel 


omer IN THE DEVELOPMENT OF ALL 
internal combustion engines continue to be 

in the direction of increased power and 
efliciency. In each field there are also intensive 
efforts to better the adaptability of the power 
plant to the particular service for which it is 
intended, 

Thus, designers of pleasure car and bus 
engines strive for flexibility, smoothness and 
quietness of operation, while aircraft designers 
have necessarily emphasized reliability and low 
specific weight above everything else, little at- 
tention having been paid, until very recently, 
to such items as smoothness of operation or 
reduction of noise. 

The trend is also toward higher diesel 
engine speeds, resulting in greater power out- 
put for an engine of given size. 

The remarkable advances in these machines 
are a result, first of improvements in fuels, and 
second of improvements in design and better 
selection of the materials used in engine con- 
struction. New allovs with new combinations 
of properties have been developed as well as 
methods of fabricating these alloys, so that the 
engine designer now has available, as never 
before, materials with properties not only par- 
ticularly adapted to function in each engine 
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part, but which are fabricated in a form allow- 
ing full advantage to be taken of them. 

I shall try to sketch briefly the part which 
the various aluminum alloys are playing in 
these developments and why it is that their use 


has been found justified. 


Changes in Automobiles 


The extent to which any material is used 
in industry depends upon how such use affects 
the utility and cost of the product in question. 
These two factors, utility and cost, are being 
constantly balanced one against the other, with 
the consumer as the final judge. If two mate- 
rials are equal from the standpoint of utility, 
the cheaper one will displace the more expen- 
sive. If they are unequal and the one of greater 
utility is higher in cost, as is usually the case, 
the question becomes one of balancing the 
added expense against the improvement in qual- 
itv. There is probably no more striking example 
of the operation of this principle than the his- 
tory of aluminum in the automotive industry. 

Fifteen years ago about 40 or 50 million 
pounds of aluminum alloys were consumed 
vearly in automobile engine crankcases, oil 


pans, transmission cases and covers, while many 
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idditional millions went various body 
parts in the form of sheet and castings. Today 
nly a very small fraction of this tonnage is 
ised for such parts, for the reason that the 
\merican public has not been willing to pay 
the price for saving dead weight in their auto- 
mobiles — the purchaser has preferred a some- 
what lower first cost, accepting the higher op- 
erating cost which goes with greater weight. 

On the other hand, he insists on brilliance 
of performance, smoothness, quietness, and flex- 
ibility of operation together with freedom from 
frequent carbon cleaning, valve grinding, and 
minor repairs. The result has been that while 
the “dead weight” applications have been 
largely lost to aluminum, it is being used in 
ever increasing quantities in places where it 
contributes directly to increased engine efli- 
ciency and performance. 

Aluminum pistons and more recently cyl- 
inder heads have been adopted by car manu- 
facturers in all price classes. The piston, 
because of its light weight, reduces loads on 
wrist pin and connecting rod bearings and 
minimizes engine vibration; its high thermal 
conductivity results in lower piston-head tem- 
peratures required for higher compression ra- 
tios and freedom from excessive carbon depos- 
its. Continuous study has been devoted to this 
part — its design, method of manufacture and 
the proper alloy. The photograph shows the 
latest development, adopted by leading motor 


car manufacturers, known as the “T-slot” pis- 


ton. It is very light, can be fitted with extremely 


‘ed Cylinder Head. Cast against metal top and bottom 
core pins give dense structure at all holes. High con- 
luminum prevents hot spots below internal ribs and 
‘hus the motor can operate at higher compression 
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Light Pistons, Cast in 
Permanent Mold, Have 
Been Installed in Mil 
lions of Motor Cars. 
Intensive study of me 
chanical design has 
been a great factor in 
their success, In 


der lo pass inspection 
jor atrerajl engines 
foraed aluminum alloy 


piste ms are required 


close clearances and has a longer service life 
than any of its predecessors. 

The aluminum evlinder head is the com 
plement of the piston. Its use affords a com 
bustion space, the exposed area of which is 
85°, or more of a high conductivity aluminum 
alloy, allowing further increases in compression 
ratio and thus making the same sized engine 


capable of producing 12 to 15‘, 


nore power 
with a fuel saving of approximately 10°... Ad- 
vanced methods of manufacture have done 
much to make this a possibility. The head 
illustrated is cast in a split metal mold which 
forms the entire outside surface. A sand core 
forms the interior water passages. <All holes 
are cored with metal pins, which give a dense, 
chilled surface quite impervious to leakage. 
Shapes and sizes are so close to dimension that 
the only machining necessary is a light cut off 
the bottom to secure proper volume of com- 


bustion chamber. 
Special Aircraft Forgings 


Interesting and important as these applica- 
lions are, it is necessary to go to aircraft engines 
to find all of the peculiar properties of the light 
alloys required to the last obtainable degree. 
Here we have engines developing five to ten 
times the power of an ordinary automobile en- 
gine at something like one-fifth the weight per 
horsepower. They operate almost continuously 
at 80°. or more full throttle, and absolute re- 
liability is the first consideration. Some idea 


of the importance of the light allovs may be 
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gained from the fact that if all the materials 
used in these engines were melted down, alu- 
minum and magnesium would account for three 
times the volume of all the other materials put 
together! 

Not only the alloys used but the methods 
of fabricating them have resulted from exhaust- 
ive efforts to obtain the best material in the 
most desirable form. Uniformity of product is 
also an imperative necessity, as failures in serv- 
ice must be reduced to an absolute minimum. 
A wide variety of requirements are encountered. 

Crankcases, for instance, must be strong 
and rigid, capable of withstanding extreme 
vibratory stresses for long periods of time and 
at temperatures up to 250° F. The forged alloy 
(0.65 Mg, Si) meets these require- 
ments and is extensively used. Crankcases for 
the line engines and “V" type engines, which 
cannot conveniently be forged, are usually made 
of the copper-silicon type of alloy. 

Nose and rear sections of radial engines 


are not highly stressed as compared the 


Latest Developments in Radial Engines Produce a Most 
Compact Design, Using Much Light Alloy. Horsepower 


has been doubled, weight increased about 25 pounds 
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Forged Aluminum Link Rod for Radial Engine 
Requires Little Machining and No Bushings and 
Therefore Costs About One-Fifth of Steel Rod 


crankcase proper, and temperatures encoun- 
tered are litthe above normal. Here the domi- 
nating factor is an opportunity for saving in 
weight, and has resulted in the use of mag- 
nesium alloys to an increasing extent. 

The modern air-cooled cylinder head rep- 
resents one of the greatest individual advances 
in aircraft engine construction, both as to mate- 
rial and method of fabrication. The require- 
ments are most exacting. Since the weight of 
the evlinder heads accounts for half the alumi- 
num in the engine, lightness is extremely de- 
sirable. A difference in specific gravity between 
two aluminum alloys (both acceptable so far as 
physical properties are concerned) may be as 
little as 3 or ., vet this small difference may 
amount to as much as 12 or 15 Ib. on the total 
engine, and warrant the use of the lighter mate- 
rial. Most of the heat to be radiated must pass 
through the evlinder head fins to the air stream, 
so that high thermal conductivity is also an es- 
sential requirement. Operating temperatures 
may, under certain conditions, rise as high as 
700° F.. at which temperature the heads must 
withstand loads of 15 tons applied 20 times per 
sec. In addition, the material must be practi- 
cally perfect as to machinability. 

To obtain an alloy which will do all these 
things has required investigations lasting sev- 
eral vears, but the result has been accomplished 
and has made possible the construction and suc- 
cessful operation of engines weighing only 
slightly more than one pound per developed 
horsepower. 

Equally important is the piston. It must 
withstand stresses as large as the cylinder head 
and must operate at an even higher temperature. 


Lightness is doubly essential here, as the piston 
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rapidly reciprocating part and as such im- 
ses large inertia forces on the bearings. In 
dition it must operate as a bearing against 

evlinder wall and against the wrist pin with- 

sculling or scoring. . A low coeflicient of 
pansion is desirable, as the pistons should be 
ted with as little clearance as is possible to 
prevent tipping in the evlinders with resultant 

wear. 

Until two vears ago cast aluminum pistons 
were used almost exclusively in aircraft engines, 
bul the inspection requirements were so rigid 
and the service so severe that less than half of 
the castings were accepted. Even then failures 
were apt to occur in service due to small hid- 
den defects and to lack of ductility in any cast 


alloy meeting the requirements. To overcome 


vlinder Diesel Engine Crank Case, Viewed From Below 


this situation we now have the forged 32-S 
alloy piston (its nominal composition is silicon 
magnesium aluminum balance). It 
las a relatively low coeflicient of expansion, 
high thermal conductivity, excellence as a bear- 
ing material, and specific gravity even lighter 
than if it were made of pure aluminum. The 
remarkable uniformity of such forged pistons 
s evidenced by a low loss after an inspection 
Which is probably as rigid and exacting as for 
‘ny part of the engine — for the past three years 
jects have only amounted to approximately 
piece in a thousanu. 

Aluminum link rods in small radial engines 
institute quite an interesting application. 
iese rods are attached to a master rod which 
erates on the single throw crankshaft. Link 
ds are usually made of alloy steel, machined 
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all over and fitted with bronze bushings at either 
end. Ordinarily in from 500 to 1000 hr. wear 
these bushings are removed and new ones 
pressed in and reamed to fit the pins. The cost 
of this operation is as much as that of the whole 
aluminum rod, which is thrown away after 1500 
hr. and replaced with a new one. The rod 
itself costs only about ', as much as a steel 
rod, because there is practically no machining 
required. This is one of the instances where 
an aluminum product is actually a good deal 


cheaper than the corresponding steel one, 
Faster Diesel Engines 


As I mentioned at the outset, there has been 
during recent years an increasing number of 
applications of aluminum alloys to diesel engine 
construction, of which pistons, cylinder heads 
and connecting rods are the most common. In 
instances where weight limitations are imposed, 
aluminum has also been used extensively in the 
construction of frames, bed plates, and crank- 
cases even very large in size. 

Diesel engines of cither stationary or ma- 
rine type are almost always operated at very 
slow speeds (as compared with those we are 
accustomed to regard as normal in the automo- 
bile) 100 to 250 r.p.m. is quite common. It 
is well known that the power which can be 
taken from an internal combustion engine is 
almost directly proportional to the speed at 
which it is operated. The reason that these 
engines cannot be speeded up is because the 
weight of the large piston and connecting rod 
imposes such heavy loads on the bearings that 
their maximum capacity is reached at these rel- 
atively low speeds. The obvious way to get 
around this difficulty is to lighten the recipro- 
cating parts, which are largely responsible for 
heavy bearing loads, and then speed up the en- 
gine to a point where the new reciprocating 
forces will be no greater than they were pre- 
viously. This can be and is being done more 
and more through the use of aluminum pistons 
and connecting rods. To obtain the same in- 
crease in power by increasing the engine size 
would mean an entirely new engine of greater 
bulk, which could only be built at large ex- 
pense and then might well be too great in 


dimensions to serve its former purpose. 
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CHROMIUM STEEL RAILS 


are harder, tougher, stronger 


i ‘HE STEEL RAIL 
has been greatly mod- 


ified in section, length, 


and composition since first 
used near Derby in Eng- 
land, about 1861, as was 
pointed out in an article 
by T. J. Skillman in Merar 
Procress, Nov., 1931. That 


first steel rail was made 


After Air Cooling 


by the acid bessemer proc- 
ess, and this was the man- 
ufacturing method ac- 
cepted for many years. Almost all the rail 
steel in this country, however, has been made 
by the basic open-hearth process for about 20 
years, owing to its ability to control the phos- 
phorus in our available iron ores. The general 
composition is a plain carbon steel fairly high 
in manganese. A _ typical chemical specifica- 
tion for rails weighing 121 to 140 lb. per vard 
is carbon 0.72 to 0.89°°, manganese 0.50 to 0.90, 
phosphorus 0.01 maximum, and _ silicon 0.15 
minimum. 

Alloy steels have found only a limited ap- 
plication for rails, partly due to the fact that 
rails are generally used without heat treat- 
ment, being rolled from the ingot, cooled slowly 
on the hot beds, straightened, drilled, inspected, 
and shipped to the desired location for placing 


in track. Most alloy steels need heat  treat- 
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Brinell Tests Show That Low Carbon Chro- 
mium Rail Ils Uniformly Hard Throughout 


From Finishing Pass 


ment to bring out thei 
superior properties, and 
railroad executives have 
hesitated to spend the ex 
tra money required for the 
alloy and the heat treat- 
ment, not being sure that 
the increased outlay would 
be justified. 

One type of low alloy 
steel has been used to a 
considerable extent and is 
an exception to the above 
statement. That is the so-called intermediate 
manganese steel or medium manganese steel. 
which is lower in carbon than ordinary rai! 
steel but with higher manganese, the manganes« 
running from 1.30 to 1.607. It has given ev! 
dence of increased resistance to wear unde! 
service conditions, especially on curves, ano 
several hundred thousand tons of it are now 
serving satisfactorily in track. 

Some interesting experiments have bee! 
going on for almost five years with chromiun 
steel rails and it is now felt that the result 
represent a real advance in the art. 

As early as 1920 C. E. MacQuigg, manag: 
of the Union Carbide and Carbon Research La! 
oratories, decided to take advantage of thos 
properties of chromium steel that would }b 


of the greatest benefit to rails, namely, the r 
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ning of the grain with subsequent toughen- 


ig and also the penetration of hardening 
arough the section, thus increasing resistance 
, wear. In order to guard against brittleness 
‘he required tensile strength and wear resistance 
were to be secured by high 


usual composition of rail steel as given at the 
start of this article. It is interesting to see the 
results of the usual acceptance tests made at 
the rail mill and compare them with those for 
ordinary carbon steel rails. 

The standard test for rails is 


illey content and at the LE the drop test, carried out by placing 


same time the necessary 
toughness and resistance to 
shock retained by keeping 
the carbon content low. 
First a survey of the en- 
tire alloy system was made. 
A considerable number of 
small heats were made in an 
electric furnace, one pro- 
gram alone embracing 46 
heats with chromium rang- 
ing from 1 to 11.2% and car- 
bon from 0.02 to 0.85°, the 


carbon varying in steps for 


VER since the steel rail 

has been available the 
trend has been toward 
harder, more wear resistant 
rails. Carbon has been the 
principal alloying element. 
Next a little extra silicon 
and then considerable man- 
ganese were added. The 
latest move is to lower the 
carbon and get superior 
hardness and toughness 
from a chromium alloy. 


a piece of rail on supports, with the 
head up; a heavy weight is raised 
between guides and falls freely on 
the rail. Three short pieces of rail 
are tested from each heat of steel, 
one each from the top of the sec- 
ond, middle and last full ingot 
poured. All three test pieces must 
stand the drop test without break- 
ing for all the rails from the heat 
to be accepted. 

For the 130-lb. R.E. section, the 
tup is specified to weigh 1 ton; it 
is to fall freely 22 ft. and strike a 


different groups of chro- 6-ft. length of rail resting on sup- 


mium. Suitable tests were 
made on all these heats and the results plotted 
and worked into graphs and models. 

When the theoretical range of the best qual- 
ities for rail steel had been established, the next 
step was to make a number of small open-hearth 
heats. Out of these heats ten were selected, 
varying in chromium from 0.82 to 3.20% and in 
carbon from 0.22 to 0.599%, which were rolled 
in a commercial way in a cooperating steel mill 
and their tensile and other properties estab- 
lished after various heat treatments. 

The results pointed to an analysis with 
about 0.30% carbon, 3.00% chromium as being 
very suitable for further work. Arrangements 
were therefore made to have a large open hearth 
heat of this steel made and rolled into rails; this 
was done October, 1929. The heat was poured 
into 14 ingots, 25x30 in. in section, each ingot 
leavy enough to make seven 130-lb. per yard 
rails after the proper top and bottom discard. 
‘he rails were of a section 6°%4 in. high, much 

ed for main lines, approved by the Ameri- 
Railway Engineering Association and 
wh as the “130-lb. R.E. section.” 

Ladle analysis of the heat was carbon 
‘ce, manganese 0.69%, phosphorus 0.013%, 
phur 0.020%, silicon 0.25%, and chromium 
‘:. This is very, very different from the 


1934 


ports 4 ft. apart. Results of this 
standard drop test on the chromium steel heat 
showed that the rails were acceptable, as given 
in the first three lines of the table below. 

Each piece stood the blow without break- 
ing, the deflection from the straight being 0.70, 
0.70 and 0.75 in. respectively. The elongation 
figures need some explanation: Before the test 
each specimen is marked on the center line of 
the base with gage marks 1 in. apart for 3 in. 
each side of the middle of the specimen. These 
distances are measured carefully after the test 
and the elongation determined in hundredths 
of an inch. This is a measure of the ductility 
of the metal. 

Another sample rail was taken from the 
middle ingot and tested to destruction, being 


Drop Tests on Chromium Stee/ Rails 


Ingot | Blow \Deflection flongation lots! 
No. | No. | J/nches Over Six Inches 
8A 7 0.70 # 17 
714A 7 0.75 17 
8A 7 0.60 EE 75 
2 7.70 456554 | 29 
7.50 47 
4 2.00 7 91010 8 § | 49 
5 2.40 9777177 9 7 58 
6 2.80 10 72 12 1210 7 63 
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Drop lests on Carbon and Medium Mangenese Rails 


Heat| ws Blow — Elongation | 
C Mn p S Si No. Inches ar Sor See similar carbon rail steel shows val- 
0.026\0.25\ 7 | 0.75 ues over the cross-section of the 
5 |Brokee| 8 87643) 56 head varying from about 235 to 245, 
0.74) 0.70 | 0.027) 0.022 | 0.24 far below the representative values 
: |0.72\0.72\0.031\0.036\0.26| 1 |0.85 shown by the special chromium rail 
5 |Broke| 872 77976\| 53 steel, which are given in the sketch 
4 |0.80|0.79 | 0.027 | 0.35 at the head of this article. 

5 7 : The second portion of the table 
6 |Broke| 8 91071971 54 alongside gives drop tests on some 
6 10.7710.72 | 0.034 | 0.034\0.29) 7 | 0.75 medium manganese steel rails. The 
2 0.032\ 0.24 51 latter are not as stiff as the chro- 
4 |Broke|798653\ 42 mium steel rails, which shows that 
8 |0.80|0.76 | 0.030 | 0.034\0.29| 7 | 0.756 the latter possess ample strength as 
. ai Broke! 5 468881 37 girders to carry the train from one 
4108 crosstie to the next. Brinell hard- 
2 17.50 ness of typical medium manganese 

5 |/ntact| 7 9717210 9 | 58 rails varies from only 260 to 280. 
B |9.65 | 7.57 | 0.025 | 0.040 | 0.21 Emphasis has been placed on 
5 |Broke| 6 81010 9 7\| 50 these drop tests because it is a test 
C 7 | 0.80 for rails that has been used for in- 
5790876|42 spection purposes for many years, 
D |0.59\|7.30|\0.022\0.045\0.21\ 1 |0.85 and gives a valuable indication of 
" 2 | 7.50 the service which may be expected. 
2 | 7.40 ductility possessed by these special 
e |0.64\17.40 7810975 | 46 rails was very promising, and the 
2 |7.50 high Brinell hardness was surpris- 
6 |Broke| 7 9727798 | 56 ing and indicated that the rails 
G |0.64}7.50 |0.023 | 0.028 | 0.24 5 rp would have good resistance to wear. 
6 |Broke|789977/\47 Some samples of the chromium 
steel rails were furnished one of the 
railroads, and the laboratory cut 
measured after each blow of the tup. The re- tensile test pieces from definite locations. Re 
sults are also given in the table on page 33. sults are as shown at the top of the next page. 
i All these drop tests were carried out on pieces In comparison the following figures are repre- 
cut at the hot saw in the rail mill in the usual sentative of ordinary carbon steel rails (speci- 
4 : way and cooled in air. fication 0.62 to 0.75% carbon): Yield point 


64,150, ultimate 125,130 lb. per sq.in., elonga- 
tion 14.0% in 2 in., reduction of area 19.1°:. 


In order to be able to make a proper com- 
parison, typical results of drop tests on ordi- 


nary rails of this same section are given in the 
table on this page, as well as on medium man- 
ganese steel rails, rolled at about the same time. 
The rails are the same 130-Ib. R.E. section and 
were tested under standard conditions. 

It should be noted that the first eight heats 
of carbon steel run on the high side of the 
carbon specifications and so are stiffer than 
Not- 
withstanding this, they are not as stiff as the 


the general run of carbon steel rails. 


chromium rail steel, as shown by the deflec- 


tion after the first blow. Brinell hardness of 
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These are averages of 54 tests made from the 
center of half the head. 

Following these splendid results shown by 
the various physical tests, arrangements were 
made to place rails in track and observe thei! 
behavior under service conditions, because no 
laboratory test has yet been devised that wi!! 
anticipate actual service. In November, 192 
20 of the rails were laid on a 3° curve on t! 
main track of the Boston and Maine Railroad, 
Lincoln, Mass. Ten of the rails were laid « 
the high side and ten on the low side of t! 
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ve. At the same time medium manganese 
el rails were laid at each end of the special 
ls, so that they could be observed together. 
The rails have been frequently inspected 
| careful profiles of the heads have been 
cen at intervals. The special chromium rails 

standing up well. They show very little 
ar and are noticeably better than the others, 

can be clearly seen by the close-up of a 

int. This view was taken at Lincoln after 
three years’ service; the superiority of the chro- 
mium steel to the medium manganese steel both 
in wear and in batter is quite apparent. 

Actual metal abraded from the head after 
about 39 million tons of traffic had passed in 
something over four years is as follows: From 
the medium manganese rail, 0.165 sq.in. from 
the high rail, 0.125 sq.in. from the low rail; 
from the chromium steel, 0.090 sq.in. from the 
high rail, 0.067 sq.in. from the low rail. 

A further test is being made on this same 
railroad on a 9° curve at Hoosick Falls, N. Y. 
Similar tests are being made by the New York, 
New Haven and Hartford Railroad, with simi- 
lar results, where the rails have been in service 
for three years. Frogs have been made from 
these special rails without special difficulty in 


machining, and installed; they are giving satis- 


Tensile Strength of Allay Reil 


Yield | Ultimate Flon-\Reduc-lzod 


Outside, head| 112,800 179,350 |\714.5 | 55.7\72.0 
Middle, head \177,350 | 778,250 
Qutside, base\ 709,750 179,000 \15.0| 53.7|\75.5 
Inside, base \106,700 | 178,800 \15.0 | 32.7\|77.0 


factory results. One of these frogs is being com- 
pared with a 12° manganese steel frog in simi- 
lar service, and so far seems to be standing up 
equally well. 

Results of actual service in track, there- 
fore, confirm the results of the drop tests and 
other physical tests and show that chromium 
rail steel gives excellent results and is con- 
siderably superior to the rail steel in use at 
present. The suggested composition is carbon 
0.25 to 0.32%, manganese 0.50 to 0.75°:, phos- 
phorus 0.04° maximum, silicon 0.25 to 040°, 
and chromium 2.80 to 3.20%. This has been 
chosen because rails of this composition do not 
require heat treatment, but acquire the proper 
physical characteristics by cooling on the hot 
bed of the rail mill. This is the same way that 
ordinary carbon steel and medium manganese 


steel rails are cooled. 


Looking Down on Rail Joint; Chromium Steel at Left, Medium Manganese Steel at 
Right. Three years’ main-line traffic has battered and worn the former hardly at all 


L, 1934 
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by W. E. Blewett, Jr. 

Assistant to the President 

Newport News Shipbuilding & Dry Dock Co. 
Newport News, Va. 


STRONG 


shipbuilders 


for 
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ETALS 


HIPS ARE OLD. BUT THE IRON SHIP 
%&y dates back only to 1819, when the Vulcan, 

a small iron gig rowed by six oars, was 
built on the River Tyne. It was not until 1876 
that a small steel paddler for river service in 
Burma was built. Adoption of steel was re- 
tarded by conservatism, reluctance to admit of 
betterment until virtually compelled to do so, 
and difliculty in obtaining the material. 

Only since the eighties, therefore, has mild 
steel been generally used for the structure of 
ships of all kinds. It has proved so success- 
ful in these years that we cannot be blamed 
for using it as a standard of comparison for 
any new material now proposed for considera- 
tion. The reason the present-day ship owner, 
architect, and builder is interested in anything 
else is that we now desire to construct ships 
which will have more speed and more carry- 
ing and earning capacity per ton of structure 
than ever before. 

The same is true of machinery. We are 
using higher pressures and superheat, and our 
turbines, boilers, and auxiliaries have to take 
care of this change. The modern ship also has 
an extensive refrigeration system, requiring 
materials until recently unknown to the ship- 
builder. Furthermore, the quicker turn-around 
demanded by steamship companies requires 


36 


that freight handling facilities be bettered with 
respect not only to time but also to capacities. 

Of all these matters, the steel going into 
the hull is fundamental, so this article will give 
some recent tests made under the writer’s direc- 
tion on several steels recommended as superior 
for the ship’s structure. Many factors must be 
considered in fair appraisal — weight, 
strength, corrosion resistance, cost, workability, 
coeflicient of expansion, and (in some in- 
stances) general appearance. 

Weight and strength are perhaps the mos! 
important and are the basis of all the recent 
arguments for high tensile steels. Steel in a 
ship is put to one of the severest tests — the 
continued reversal of stresses. There is also 
the uncertainty of not knowing the exact loads 
to be carried by any part of the structure. In 
other words, figuring steels for strength in 4 
ship is a different task from figuring stresses 
in a bridge truss. Weights, also, have to be 
‘arefully investigated to guard against tendenc) 
to capsize when the ship is in light conditio 

Corrosion is a serious problem, as most 
the materials of ship construction are subject: 
to salt spray, or at best to sea air. Hulls a 
frequently exposed to acid conditions in © 
rivers or harbors, as well as destructive bi! 
waters, oils, and coals. We rely on paints 
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various compositions for protection inside 
and out, but paint is uncertain, as the film 
is easily and frequently destroyed. Cor- 
rosion, particularly in engine room piping, 
may also be caused by stray currents or 
galvanic action between different materi- 
als, but I am inclined to believe the latter 
is erroneously blamed when no other cause 
can readily be found. 

Steels in ship work must be readily 
shaped, sheared, punched, and otherwise 
fabricated, and the ease with which they 
can be worked is important in that it af- 
fects not only the cost of the ship but also 
her lines. It is advantageous to be able to 
shape the steels cold, as hot work is always 
expensive. 

Weldability is very important. Weld- 
ing is an efficient means of connecting steel 
inembers, since it avoids eccentric connec- 
lions and saves weight. However, the heat 
of welding is detrimental to some steels, 
ind this limits their use. The amount of 

‘Iding in ship construction has increased 

cry rapidly in recent years; eight years 

40 we were using about half a pound of 
elding wire per ton of steel, while now 
e ratio is 7 lb. — approximately 14 times 
much. 
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Expansion of the materials under temperature 
change has to be most carefully watched, particu- 
larly those going into the engine room. The hull 
of some ships is also subjected to severe temperature 
changes, as, for example, when bunkering with heavy 


fuel oil which is heated before it is pumped. 
High Tensile Steels 


Let us now consider how some of these consider- 
ations apply to high tensile steels, the most im- 
portant materials used aboard, and beyond doubt 
the material most widely discussed. They are not 
exactly new, however, for a 1.10 silicon steel was 
used as early as 1907 in the hulls of the Lusitania 
and Mauretania. 

Steels offered to shipbuilders at present may 
be divided into two general classes: (1) Those ob- 
taining high elastic properties through the use of 
alloying elements, such as carbon, vanadium, man- 
ganese, silicon, and nickel; and (2) those in which 
the properties are obtained either by tempering or 
normalizing, or more likely a controlled temperature 
at the conclusion of the rolling, and a controlled 
cooling. Of these two classes, the alloyed steel is 
perhaps the most important and the one from which 
we may expect to obtain the best results, although 
as a rule they are more expensive. 

From among the numerous possibilities, the 
Newport News Shipbuilding & Dry Dock Co. has re- 
cently investigated six “high elastic” steels, and some 
of the acquired data are presented in the table on the 
next page. As a datum for comparison, correspond- 
ing figures for mild structural steel are included. 
Test specimens were cut from plates 36x72x%, in. 
in size, supposedly rolled in commercial production. 
All properties quoted are the average of numerous 
tests. Tensile tests were pulled in the direction of 
rolling, although tests cut across the plate at right 
angles gave close checks. 

I do not consider the results of any one series 
of tests conclusive; in choosing a steel for service it 
is necessary that numerous investigations be made 
of commercial steels. Various rollings of the same 
nominal composition often give diversified results, 
and the final answer can only be obtained after prac- 
tical application. 

As an indication of how a single series of tests 
on a limited amount of material may go wrong, 
we may question the value found by us for the pro- 
portional limit of the “silicon structural steel” (al- 


37 


7 4 | 

q ‘2 if | 


though the silicon in this steel is not much 
above normal for a killed steel). It was re- 
corded as 18‘¢ less than mild steel. This cer- 
tainly does not represent what may be expected, 
for tests made by the Port of New York Author- 
itv on thousands of tons of standard and spe- 
cial steel furnished for the large bridges recently 
completed in that region (as well as tests on 
model columns) show that the proportional 
limit and the “Johnson elastic limit” of the sili- 
con steel are only a little short of the cor- 
responding values of carbon-manganese steel. 

The table below also gives figures for such 
relationships as the proportional limit to the 
ultimate strength, which are useful in apprais- 
ing the merit of the steel. 

In order to determine the workability of 
the steels, a hydraulic press was fitted with a 


l-in. punch and the pressures required were 


Martinel (54,000), nickel steel (55,000), silic« 
(57,000), copper-bearing silicon steel (58,500, 
and Navy high tensile (60,300). This is appro 
imately the same ranking as to Brinell har 


ness, with the exception of the nickel stee), 
which appears to punch easily although it 
fairly hard. 

The plates were also joggled, sheared, and 
flanged, and although no loads were measured, 
it was apparent that specimens could be worked 
satisfactorily. However, the probabilities are 
that more hot working will have to be done 
with high strength steels than with the common 
mild structural steel or ship plate. 

The effect of welding on the various plates 
was investigated by subjecting arc welded speci- 
mens to tension and bend tests. All plates 
(even of silicon steel) were both butt and fillet 
welded without difficulty, using a low carbon 


noted and converted into lb. per sq.in. of area fluxed rod. Tension and bend tests were made 
sheared. Although they cannot be construed on specimens 1 in. wide by the plate thickness, 
as ultimate shearing strengths, these figures do welded into a 45° single V butt, the excess weld 
form a basis for comparison. The mild struc- metal being machined off flush with the plate. 
tural steel was easiest to punch (47,500 Ib. per Results are given in the table at the bottom of 
sq.in.) and the vanadium steel the hardest the right-hand page. 


(68.500). The rest were grouped about midway, We found that the strength of the weld 


and in order of soft to hard ranged as follows: metal remains fairly constant with an average 


Properties of Structure/ Stee/ 


Structure! High 
ry Silicon Stee! \mgrtine/| Tensile | Milo 
Nicke/ | Structur 
ensile | Mn-V Stee/ Shi Stoo! 
Stee! | Stee/ Coaper 
Searing Stee/ 
Chemice/ Cerbon 0.357 0.14 0.38 0.335 | 0.25 0.217 0.19 
composition Maengenese 0.88 1.42 0.80 0.70 | 0.66 0.82 0.85 
Silicon 0.28 0.20 0.20 0.30 0.714 0.24 0.77 
Phosphorus 0.037\ 0.079)\ 0.022 | 0.026 0.042\ 0.042'\ 0.027 
Sulphur 0.027 \ 0.017\| 0.034 | 0.028 | 0.0435 0.022 \ 0.037 
Other significant elements 0.78V 0.24Cu 2.7N/ 
Averege Proportional limit 23,700 59,500 | 25,700 43,700 | 37,200 | 36,200 51,50 
physice/ Yield point 45,750 | 72,300\ 45,350 |48,750\ 40,450 | 54,000 | 57,85 
properties Ultimete strength 83,3500 | 99,950 | 88,750 | 79,650| 68,650 | 85,500 | 62,70 
E/longetion 235.8 78.7 22 25 29 30 
Reduction of eres 59 42 52 $5 55.5 65.5 
Cold bend 780° 780° 780° 780° 780° | 780° 780* 
Brinell hardness 149 759 749 143 776 756 700 
Yield point = ultimate 54.9 57.0 60.4 58.9 64.6 60.6 
Proportions! limit =~ ultimete [%/ 52.0 60.0 29.07 55.0 46.0 43.0 50.6 
Proportions! limit + yield point [%/ 94.0 82.0 57.0? 97.0 77.0 67.0 85.0 
Yield point minus proportions/ limit 2,650| 72,800\| 19,650?| 4,450| 9,250)| 717.800\ 6,55 
U/timete minus proportions! limit 90,200 | 40,450 |\63,050 ?|\ 35,950 | 37,450 | 47,300 | 30,6: 
% :mprovernent over \ of ultimate 54.0 67.0 45.0 28.3 70.5 54.5 
milo structural stee/ \ of proportional limit | 38.0 90.0 | -78.0? | 40.0 0.0 76.0 . 
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of about 67,000 lb. per sq.in. This is what might 
be expected when the specimens are machined 
so they will break at the welded section; in 
other words, we were testing the strength of 
weld metal made with standard 
fluxed rod. It does show that 
a good bond was made between 
the deposited metal and_ the 
base metal in the plates. 

In order to determine the 
effect of the heat of the weld 
on the various plates, a speci- 
men of each steel was fillet 
welded and the weld metal then 
machined off flush with the 
plate. Examination of etched 
cross-sections at such regions 
did not show any marked effect 
in the base metal, due to the 
penetration of heat, except in 
the case of the low carbon man- 
ganese-vanadium steel, which showed a concen- 
tric banded macrostructure in a region just 
below the weld. 

For welding the low carbon steels are pref- 
erable, since they avoid a severe grain growth 
below the line of fusion. In the higher carbon 
steels studied (the Navy steel and the two sili- 
con steels) there is a sharp transition along this 
line, and the base metal immediately below and 
adjacent to the line develops a coarse, over- 
heated structure that should diminish the duc- 
tility of the weld. 

No tests on the endurance limit were made, 
for Lam rather dubious as to how much value 


toward larger and 
larger ocean liners has re- 
opened consideration of 
high tensile steels for hull 
construction. Mr. Blewett 
presents the results of a 
comparative study of sev- 
eral such steels — also some 
notes on other metals used 
for main frame, power, 
plumbing and decoration. 


can be attached to fatigue figures, as the sur- 
facing of the test specimen has such an influence 
on the final results. If the fatigue limits could be 
determined for a working or practical surface 
rather than a laboratory finish, 
they would become im- 
portant value for the designer. 
Corrosion also has much to do 
with it. Therefore, the best we 
can do is to assume a permis- 
sible fatigue limit in bending of 
10°. of the tensile strength, and 
50°> of that figure for the tor- 
sional fatigue limit. 

There is also the compres- 
sive strength of these steels to 
be considered. In a ship’s struc- 
ture a large majority of the im- 
portant members are subject to 
compressive loads. Since the 
modulus of elasticity of all these 
steels is the same, it will be necessary for stiff- 
ness to maintain the areas of the sections; little 
will therefore be gained in the use of high elas- 
tic steel in struts or compression members. 

An analysis of the above figures and tests 
indicates that any or all of these high elastic 
steels are adaptable for marine use. All of 
them can be punched without heavy tool re- 
placement (with the exception perhaps of man- 
ganese-vanadium steel, but even this can be 
handled). However, the expense of working 
the high elastic steels is going to be greater 
than working our present mild steels until the 


quality of our tools and our methods of work- 


Effect of Welding on Structurea/ Stee/s 


Structure! ‘Nigh 
Silicon Stee! \mMeppine/| Tensile | Mild 
Tensile | Mn-V Stee | Moke! \otructue 
Stee/ | Stee/ Cogper Ship | al stee/ 
Besring Stee/ 
lensile strength of original plate 83,3500 | 99,950) 88,750 | 79,650 | 68,650 | 835,500 |62,700 
lensile strength of single Vee weld,ground flush |69,400 71,050 | 68,650 | 65,750 | 65,850 | 69,250 
Efficiency of weld (%/ 85 67 87 66 96 80 114 
Send to first creck 76° 56° 64° 66° 700° 7g e 700° 
Tests or Plate From Which 2 Fillet Weld Was Removed 
Tensile strength of plate under weld 83,3500 |\98,000\ 89,700 | 77,850 | 69,650 | 83,200\|63,100 
Change from originel figures , % 0 -2.0 #7.5 -2.5 +7.4 -0.2 +7.6 
Angle of bend, heated side stretched 180° | 745° 65° 780° 180° 165° 780° 
Condition efter bend Broken | Broken | B&roken OK. Broken | OX. 
Angle of bend, heated side compressed | 170° | 180° 100° 780° 780° | 740° ‘80° 
Concition efter bend | Crecked| O.K. Broken OX. | Cracked O.k 
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ing, both hot and cold, can compensate for the 
change in the nature of the steel. 

In confronting the problem of selecting 
from the above group the best steel for ship 
construction, the element of cost would have 
to be considered. In a vessel of “super-liner” 
size, which requires approximately 27,000 tons 
of steel, about 45° of the total would be adapt- 
able to high elastic steel, and any premium 
would run into a large sum of money. 

It seems to me that the structural silicon 
steel containing 0.24: copper showed up as 
well, if not better, than any. Copper-bearing 
steel has often been considered for the super- 
structure, such as for ventilator cowls and deck 
houses, but I have not heard of its being ex- 
tensively used. From our experiments there 
is apparently nothing to be gained from it in 
under-water work. It must be used with care 
because in the presence of an electrolyte, gal- 
vanic action is likely at joints with other steels. 


A Variety of Forgings 


In addition to structural steel, there are 
many other steels used in the construction of 
a ship —-so many that space will permit men- 
tion of but a few. 

Large hull forgings such as stern frames, 
stems and rudders, where fire welds may be 
necessary, are made of 0.08 to 0.15% carbon 
steel, with 0.3° to 0.7°° manganese. From this 
material we obtain an elastic limit of between 
28,000 and 35,000 Ib. per sq.in., with an elonga- 
tion of 40°¢. Such forgings meet the physical 
requirements without any heat treatment. 

For case hardened parts and for small hull 
forgings, such as stanchions, hinges, cleats, or 
rigging forgings, we use 0.15 to 0.20% carbon 
with the same amount of manganese; its elastic 
limit is from 30,000 to 35,000 Ib. per sq.in. If 
normalized, its physical properties can be in- 
creased from 5 to 10%. 

All heavy engine and hull forgings for the 
merchant marine, such as propeller line shafts, 
reduction gear shafts, coupling sleeves, crank 
pins, and rudder stocks, are made from steel 
containing 0.20 to 0.30°¢ carbon and 0.4 to 0.7% 
manganese, usually heat treated to an elastic 
limit of from 32,000 to 45,000 Ib. per sq.in., with 
25 to elongation. 
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For hydraulic work, piston rods and larg, 
keys, higher carbon steels are necessary. For 
large diesel engine forgings, carbon-vanadium 
steel in the normalized and drawn state will! 
give an elastic limit of 58,000 to 65,000 Ib. per 
sq.in., with an elongation of 24 to 30°. 

For propeller line shafts, rotor shafts, and 
crankshafts, Navy specifications call for nickel 
steel forgings containing 3.25 to 3.75°° nickel 
and 0.30 to 040° carbon, an elastic limit of 
50,000 to 65,000 Ib. per sq.in. and elongation 
of 25 to 30°. This nickel steel also has im- 
proved impact as well as increased elastic limit 
and hardness without loss in ductility. 

Before the subject of forgings is left, a sen- 
tence or two may be said about rivets going 
in the ship’s bottom. Some marine operators 
prefer iron, others alloy, and still others plain 
mild steel. All three will corrode and leak, 
but the rate of corrosion depends more upon 
the protective coating and the care taken of 
the ship’s bottom than upon the material used. 
In making a selection the service in which the 


ship operates should be considered. Proper 


Heat Treated Steel, Stainless Steel, and Special Non 
Ferrous Alloys Are Required in Increasing Amounts 
in the Ship’s Power Plant, as Steam Pressures and 
Superheats Are Increased. Many of the old reliable 
alloys are ruined in short order by the new conditions 
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Simetimes the Emphasis on Luxury and Spaciousness of Pas- 


Around the Decorations.’ 


iccommodations Is so Great That the Ship Is “Built 
’ Sea atmospheres are a powerful 


incentive to use permanent, non-corrodible and stainless metals 


heating and driving of shell rivets are also very 
important factors, 

There are a few locations in ships where 
high tensile steel castings are desirable, namely, 
rudder castings and stern frames. On Govern- 
ment work a casting with 85,000 lb. per sq.in. 
tensile strength, 53,000 vield point, and 23% 
elongation is used, which properties are ob- 
tained by using 1.5. nickel, 0.6% chromium or 
5 to 346% nickel. The former alloy is cheaper 
in raw material but more difficult to obtain 
free from shrinkage cracks. These cracks also 
eccur although to a much less extent in the 
3°. nickel castings. For ordinary hull and ma- 
chinery castings, an ultimate tensile strength of 
60,000 Ib. per sq.in. and elongation of 24% are 
usually required. 

High chromium stainless steels are rapidly 
‘inding new applications in marine work other 
‘han in the power plant, where they have been 
widely used for turbine blading, valve disks 
ind valve stems. On the first stages of the 
mpulse blading we use stainless steel, on the 
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intermediate stages monel metal, and on the 
last stages manganese bronze. For the dia- 
phragm in the higher temperature stages we 
use stainless steel vanes cast into the steel hous- 
ing, and in the lower temperatures monel metal 
vanes. Other builders have other ideas. 

We have found that stainless steel has a 
very useful place in galley equipment, as well 
as for fittings and ornamental work in passen- 
ger quarters. It is now being introduced into 
parts where monel metal was previously used, 
and we believe it is cheaper, less subject to 
corrosion by unusual liquids, equally as tar- 
nish resistant, and stronger (which permits the 
use of lighter gages). However, it is harder 
to work, which is a big disadvantage, but with 
succeeding jobs the shop mechanics seem to un- 
derstand it better. As a non-magnetic austenitic 
steel it will probably be used extensively in 
the structure adjacent to the navigating in- 
struments. While I have not heard of a specific 
use in this respect in merchant vessels, I see 
no reason why it will not be a very useful metal 
on the top sides. 

Non-ferrous metals take an exceedingly im- 
portant part in the interior decorations. Win- 
dow frames, which were previously made of 
wood, are now made of extruded brass, and 
I do not think it will be long before they will 
be made of white non-tarnishable alloys. ‘Toilet 
fixtures and hardware, which used to be nickel 
plated, are now chromium plated. 

Although stainless steel has not been used 
extensively in interior decorations aboard ship, 
I see no reason why it will not in the future 
replace some of the elaborate woodwork. As 
is demonstrated by many artists and architects, 
this steel may be etched or finished variously 
so that it will accomplish a decorative as well 


as a structural effect. 
Non-Ferrous Alloys 


Non-ferrous metals and their alloys, due 
to their corrosion resistant properties, consti- 
tute a very important group of materials, the 
quantities used in ship construction being sur- 
prisingly large. For example, a ship of about 
30,000 tons displacement requires approxi- 
mately 350 tons of non-ferrous metals. 


Due to its resistance to corrosion, copper 
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Let a Watch-dog guard your furnace --- 


- HEVI-DUTY 
EXCESS TEMPERATURE CUT-OUT 


A TEMPERATURE PROTECTION UNIT 


ALL TYPES OF HEATING EQUIPMENT 


The Watch-dog that prevents 


destructive temperatures 


ONE Hevi-Duty Excess Temperature 
“Cut-Out’, at a cost of $80.00, saved a 
$1,000.00 charge. The automatic con- 
the “Cut-Out” shut off the 
furnace power, preventing excessive 


trol failed 


temperatures.... The “Cut-Out” canbe 
applied to any type of heating equip- 
ment control. It can be set to cut-out 
a few degrees above the normal operat - 
ing temperature. Thus, it safeguards the 
product as well as the heating equip- 
ment against destructive temperatures 
\ “Cut-Out” is an insurance against 
losses caused by excessive temperatures 

you will know why if you ask for 


Bulletin HD-1133. 


TRADE MARK 


AT. OFF 


HEAT TREATING FURNACES 


HEV!I DUTY ELECTRIC CO. 


MILWAUKEE, WIS. 
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and its alloys is perhaps the most extensive! 
used metal for piping, but some unlooked-fo 
phenomena always keep us on the look-out fo 
improved materials. For instance, copper pip 
is commonly installed in the sanitary and sa! 
water circulating systems, but severe pittin 
sometimes occurs after a short period of tim: 
It is usually thought that this is caused by stray 
electric currents, but the pipe lines on one ves 
sel that I know about were checked and no 
stray currents found. Electrolytic action be- 
tween impurities in the pipe has never been 
proved, as the copper used in the pipe is quite 
pure. In one severe case the copper was re- 
placed with red brass pipe, which is much more 
difficult to work, but this did not cure the 
trouble. We installed genuine wrought iron 
galvanized pipe in these same systems on more 
recent ships, and to date we have not received 
any serious complaints. 

Opinions about condenser tubes are also 
very diversified, and some very extensive scien- 
tific investigations have been made on the sub- 
ject. We put admiralty metal tubes into most 
of our condensers; it contains 70 to 72° copper, 
1.2%. tin, 0.06°° iron maximum, 0.075°° lead 
maximum, and the remainder zine. Its princi- 
pal characteristics are ductility and resistance 
to corrosion. 

We have fitted condensers in some recent 
ships with “Blackskin Finish” tubes of admir- 
altvy metal, having a coating of black cupric 
oxide on the surface, which serves as a pro- 
tection against corrosion. However, even this 
material has given trouble, and in a search for 
still better materials we are now using an alu- 
minum bronze tube composed of 76° copper, 
22°) zine, 2° aluminum. Mr. Worthington in 
Merat ProGress July has called attention 
to the advantage of 80 copper 20 nickel tubcs 
for condensers in turbo-driven ships where ad 
miralty tubes fail in a very few years. 

In conclusion, it may be remarked that as 
the services become more severe, the choice 0! 
materials becomes more and more complex anc 
the number of options greater. Thus the shi 
builder has to be versed in the latest develo] 
ments in metals and requirements of the ser 
ice. Most important of all he has to differentia! 
between sales propaganda and actual perforn 


ance of the materials. 
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Consider the advantages 


AnaConvA 


mune fo comsumer 


ANACONDA COPPER & BRASS 


RIL, 1934 


Anaconda seamless tubes 


WE MANUFACTURE irregularly shaped 
seamless tubes. . 
copper alloys .. . in practically every 
conceivable shape and size. In fact, size 
limitations are imposed only by the 
thinness of the metal and the com- 


plexity of the shape. 


Anaconda seamless tubes offer rigidity 
of construction, coupled with lightness 
in weight. They are rust-proof and dur- 
able . . . and attractive. And they are 


.in a wide range of 


more satisfactory and lower in cost 


than similar parts fabricated trom sheet. 


If you are one of those alert manutac- 
turers who have investigated the design, 
production and performance possibilities 
of tubular shapes, consider also the addi- 
tional advantages of seamless, durable, 
copper-alloy tubes. Weare prepared to sup- 
ply a large number of stock shapes and 
sizes ... and to quote upon and produce 


tubes to your individual specifications. 


THE AMERICAN BRASS COMPANY 


General Offices: Waterbury, Connecticut 


Offices and Agencies in Principal Cities 
In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ontario 
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Today you need 


SUPERIOR 
CUTTING TOOLS 


The Certain Curtain Furnace enables 


your hardener to produce them! 


Today, with rising cost of mate- 
rials, rising labor cost, restricted 
operating hours, your cutting 
tools deserve extraordinary at- 
tention. For they are the “bot- 
tleneck” of production! An 
improvement in them is IMME- 
DIATELY felt all down the line 
Produce superior tools with in- 
creased working life, and you 
speed up every machine. You 
eliminate many interruptions for 
grinding, changing, re-setting 
tools Labor and overhead 
charges are lightened per pro- 
ductive hour. Unit cost of pro- 
duction is lowered. 


POTENTIAL INCREASE 35% 


Can you afford to operate on 
a standard lower than the high- 

est which modern tool steels and modern hardening make possi- 
ble? Can you afford to ignore potential increase of as high 
as 35% in the working life of tools ‘such as one Certain 
Curtain user reports from carefully kept records) ? 


2 FURNACES SELL 8 MORE 

Note the following experience of a world-famous maker of 
small tools In 1929 they bought two Certain Curtain 
furnaces. In 1930 two more. In 1932 two more. In 1933 
two more. In 1934, thus far, two more. These furnaces 
were not additional equipment. They replaced others, and 
for one all-important reason: they produced tools with 
greater working life 


GIVE YOUR HARDENER EVERY ADVANTAGE 


You want superior tools, the BEST that can be produced 
from the expensive steels you buy. You will GET that best 
by providing your hardener with Certain Curtain furnaces, 
with their perfected, patented atmosphere control! Get the 
full story by writing for our latest bulletin: “Effects of 
Atmosphere Control in Precision Hardening.” 


HAYES, Inc. 


129 BAKER ST., PROVIDENCE, R, 


2281 SCRANTON RD. 148 CRESTWOOD AVE 
CLEVELAND, OHIO BUFFALO, N. Y. 


L. W. HAYDEN HESS 
26 SO. 15th STREET 176 FULTON STREET 
PHILADELPHIA, PA. NEW YORK, N.Y. 
L. Cc. LOSHBOUGH Cc. A. ER 
2626 W. WASHINGTON BLVD. 202 FOREST AVE. ROYAL OAK 


DETROIT, MICHIGAN 


CHICAGO, ILLINOIS 
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ARTICLES WORTH READING 


Iron and Steel Making 


Standardized Blast Furnaces in U. S. S. R., Gordoy 
Fox, Iron Age, Mar. 8, p. 20. . Effect of Gas Velocity 
on Blast Furnace Operation, S. P. Kinney, Blast Furnacy 
& Steel Plant, March, p. 152. 

Sheffield Steel, Nature, Jan. 13, p. 49. . . . . The 
Basic Bessemer Process—Factors Influencing Its Suc 
cessful Operation, Vernon Harbord, Iron & Coal Trades 
Review, Jan. 26, p. 159. . . Open Hearth Operations 
in Retrospect, L. F. Reinartz, Blast Furnace & Stee! 
Plant, Jan., p. 29. 

Automatic Heat Control for Open-Hearth Furnaces 
by H. lL. Velten, Fuels & Furnaces, Jan.-Feb., p. 18. 
Solidification of Steel Ingots, L. H. Nelson, Transac 
tions, American Society for Metals, March, p. 193... 
Quality of Rimming Steel, J. H. Nead, Metals & Alloys 
Mar., p. 43..... Oxygen and Oxides in Iron and Steel, 
The Metallurgist, March, p. 98. 

Insulation of Open-Hearths, N. A. Humphrey, Blast 
Furnace & Steel Plant, March, p. 149... . Slag Scour 
Minimized by Proper Furnace Construction, F. H. Nor 
ton, Fuels & Furnaces, Jan.-Feb., p. 11... . Heat and 
Fuel Control Instruments in Steel Plants, M. J. Con- 
way, Iron Age, Feb. 15, p. 12... . Oil Consumption of 
Steel Mill Heating Furnaces, A. J. Fisher, Paper for 
American Society of Mechanical Engineers, (Iron Age 
Mar. 1, p. 27). 


(Continued on Page 48) 


Industrial Furnaces 
of all kinds 


Forging, Heat Treating, 
Metal Melting, etc. 


Car type furnaces, Conveyor fur- 
naces, and the Stewart Gasifier 
A Stewart representative is located 


near you. Let us know and we will see 
that he gets in touch with you quickly. 


CHICAGO FLEXIBLE SHAFT CO. 
1104 So. Central Ave., Chicago, U. S. A. 


FLEXIBLE SHAFT COMPANY, Ltd. 
349 Carlaw Ave., Toronto, Ontario, Canada 


Eastern Branch Office: 11 W. 42nd Street, New York, N. Y. 
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CERTAIN 
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THERMALLOY 


“SCORES” AGAIN 


Radiograph of Poor Area Poor Area Repaired with Electric Arc: Same Area Repaired with 
Note Slag Inclusions ftomic Hydrogen 


WHEN WELDS ARE NECESSARY 
IN ALLOY CASTINGS 


THERMALLOY 


NOW EMPLOYS THE ATOMIC 
HYDROGEN PROCESS, because: 


welds, as shown above, are denser, stronger, more duc- 
tile, and more nearly free from internal inclusions. 


For assurance of long life in heat, corrosion and abra- 


sion resistant castings, specify *THERMALLOY” 


THE ELECTRO ALLOYS COMPANY 
ELYRIA, OHIO 


“Quality”? Castings since 1919 


Therm alloy 


HIGH 
E MENT 
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HE use of metal 

products is de- 

pendent on good 

. tool steel. With this 
thought in mind, Co- 

lumbia Tool Steels 


4 
are made good, 
COLUMBIA TOOL STEEL COMPANY 
MAIN OFFICE ANO WORKS 
500 E. 147TH STREET. CHICAGO HEIGHTS. ILLINOIS 


CARBURIZERS 


CHAR PRODUCTS COMPANY 
MERCHANTS BANK BUILDING INDIANAPOLIS 


> 
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ARTICLES WORTH READING 


Metallography and Testing 


Metallography of a Nickel-Chronium Steel, O. \ 
Ellis, Transactions, American Society for Metals, Feb 
p. 139... . Banding in Alloy Steel, E. R. Johnson 
Transactions, American Society for Metals, March, ; 
249 ... . Mounting of Micro-Specimens in Bakelit: 
H. M. Schleicher, Metals & Alloys, March, p. 59. 

Sensitivity of Radiography; (a) Gamma Ray, J. 1 
Norton, Transactions, American Society for Metals, 
March, p. 271. (b) X-Ray, A. S. Douglas, Journal 
American Welding Society, Feb. p. 15... . Exami 
nation of Steel Under Polarized Light, N. Ahmad, 
Metallurgia, Dec., p. 33; Jan., p. 77. 

Pearlite With 1% Silicon, A. E. Schowalter, 
Transactions, American Society for Metals, Feb., p. 120. 


Iron and Steel Foundry 


British Steel Foundry Industry in 1933, Sir Robert 
Hadfield, Foundry Trade Journal, Jan. 18, p. 35. “— 
Alloy and High Duty Cast Iron in 1933, J. E. Hurst, 
Foundry Trade Journal, Jan. 18, p. 39. . . . . Foundry 
Research in 1933, F. A. Freeth, Foundry Trade Journal, 
Jan. 18, p. 49. . . . . Foundry Development, J. H. 
Andrew, Foundry Trade Journal, Jan. 18, p. 37. 

Developments in Foundry Refractories, E. J. Craw- 
ley, Foundry Trade Journal, Jan. 25, p. 71. 

Addition of Non-Ferrous Metals to Cast Iron, J. E 
Hurst, Foundry Trade Journal, Jan. 11, p. 21; Jan. 25, 


p. 73... . Deoxidizers for Cast Iron, A. H. Dierker, 
Transactions, American Foundrymen’s Association, 
Feb., p. 469 ... . Manufacture of High Silicon Iron 


Castings, Edwin Bremer, Foundry, March, p. 12. 

Cupola Charging for Uniform Output, Pat Dwyer, 
Foundry, Jan. p. 10... . Influence of Casting Condi 
tions on Gray Iron, C. M. Saeger, Transactions, Amer 
ican Foundrymen’s Association, Feb., p. 449. 

Centrifugal Pipe 7" by Powdering Molds, 
B. K. Price, ee Feb. 12, p. 23; also Iron Age, Feb. 
Casting Ford V Crankshafts, Pat Dwyer, 
Steel, Mar. 19, p. 25. 

Hot Tears in Steel Castings, C. W. Briggs, ie ansac 
tions, American Foundrymen’s Association, Feb., p. 385. 


Non-Ferrous Industry 


The Aluminum Foundry Industry, J. D. Tavernor, 
Foundry Trade Journal, Jan. 18, p. 41... . . Making 
Aluminum for Mirrors, Iron Age, Feb. 1, p. 25. Tr 
Anodic Oxidation of Aluminum, C. L. Mantel, Metal 
Cleaning & Finishing, Jan., p. 11. . Internal 
Stresses in Quenched Aluminum, L. W. Kempf, Techni 
cal Paper 535, A.LL.M.M.E. . . . . Passivity of Iron and 
Aluminum, W. H. Cone, Journal of the American Chen 
ical Society, Jan., p. 48 .... Upsetting of Duralumin, 
J. O. Lyst, Metals & Alloys, March, p. 57... . High 
Strength Rivets of Aluminum Alloys, The Metallurgist 
March, p. 108. 

Beryllium; Uses & Supply, C. B. Sawyer, Mining & 
Metallurgy, Feb., p. 93. 

Non-Ferrous Foundry in 1933, A. J. Murphy 
Foundry Trade Journal, Jan. 18, p. 53. . . . . Cause 
and Prevention of Porous Brass and Bronze, J. ! 
Cheetham, Iron Age, Feb. 1, p. 22... . Pouring 
atures for Bronzes, E. R. Thews, Foundry, March, p. 24 

Die Casting by “Cold Pressure”, Sam Tour, Stee 
Feb. 5, p. 25... . Manufacture of Gongs to Produc 
Definite Sounds, The Metallurgist, March, p. 105 . . 
Manufacture of Hollow-Core Cable, M. A. Kent, Wit 
March, p. 69. 

(Continued on Page 50) 
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MODERN MACHINERY CALLS FOR MODERN METALS 


WHEREVER GOoDs ARE MANUFACTURED 


NICKEL 


a Hanpb 


Ar quick time and double-quick, 
the march of the machines goes on 

._pouring a steady stream of goods 
into the Nation's channels of trade. 


But deep in the grain of die and 
tool, deep in the grain of pounding 
forge, spinning lathe and tireless 
stamping 
machine, is 
a remark- 
able ingre- 
dient...One 
that helps 
make these 
machines 
more effi- 
cient, more enduring and more eco- 
nomical to operate and maintain. 


This valuableingredientis Nickel, 
an ingredient that has sired a group 
of alloys that more perfectly meets 
present-day machinery require- 
ments. 


When Nickel is correctly alloyed 
with other metals, a wide range of 
improved properties is obtained — 
properties that assure increased re- 
sistance to heat, stress, fatigue, ero- 
sion, corrosion, abrasion and wear. 


The alloys containing Nickel 
embrace a variety of compositions, 
each carefully determined by ex- 
haustive laboratory and service tests. 
And wherever equipment is thor- 
oughly modern, you are certain to 
find Nickel Alloy Steels, Nickel 
Cast Irons, Nickel Bronzes, Stainless 
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Steels, etc., serving a wide range of 
purposes. 


Their use, however, is by no 
means confined to the manufactur- 
ing industry. Alloys containing 
Nickel are extensively used today 
in every industry where machines 
must have greater endurance and 
greater dependability. 


And when you consider all the 
advantages of alloying with Nickel, 
the extra cost is really small in re- 
lation to the benefits secured. In 


Nickel Alloy Steels 


Among the most widely used 
alloys containing Nickel are the 
Nickel Alloy Steels. Tons and 
tons are used in the manufactur- 
ing industry because of their 
exceptional toughness and 
strength, and their high resist- 
ance to stress, heat, pressure, 
shock and wear. 


most cases only a little Nickel 
(from ':% to 5%) is required to pro- 
duce definitely superior mechanical 
properties. 

Alloys containing Nickel are easy 
to obtain. They are commercially 
available in a variety of compositions 
in all important meta! consuming 
centers. 


If you are planning to build new 
equipment or modernize the old, 
our engineers will be glad to advise 
you concerning the most suitable 
applications. 
You may feel 
free to con- 
sult our tech- 
nical staff at 


any time re- 
gardingyour 


particular 
problems. 


THE INTERNATIONAL NICKEL 


COMPANY, INC. 
4 Miners, refiners and rollers of Nickel 
Sole producers of Monel Metal. 


67 Wall Street New York, N. Y 
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TWO CLEANING 
PROBLEMS SOLVED BY 


BLAST 
CLEANING 


A PRODUCTION JOB 
to clean scale from 325 Rear Axle Shafts 
per hour. PANGBORN supplied an au- 
tomatic continuous installation that success- 


fully handled the job ! 
A LOW COST JOB 


for cleaning heat treated dies, tools, gears, 
etc. A simple, manually operated Blast 
Cabinet was the right answer. 


SEND US YOUR PROBLEMS 


ePANGBORNe 
CORPORATION 


HAGERSTOWN MARYLAND 


HARDNESS TESTING PROBLEMS 
UNDER ALL CONDITIONS OF PRACTICE 

.are quickly 
solved Ave aid of 


MONOTRON 


.. . Our New Bulletin 
M-7 Tells Why the 
Leading Governments 


and Manufacturers 


have ADOPTED IT. 


... Fora 100% Port- 
able Hardness Indicat- 
or, the... 


SCLEROSCOPE 


remains unrivaled. In- 


expensive, Accurate, 
Fast, Non-destructive. 
... Ask for Bulletins 
S-22 and S-32. 


The Shore Instrument & Mfg. Co. 


Jamaica, New York 


ARTICLES WORTH READING 


Uses, Properties, Failures 


A Plea for Wider Use of Plain Carbon Steels, J. R 
Miller, Heat Treating & Forging, Feb. p. 76. 

Aging of Metals and Alloys, Albert Sauveur, Trans 
actions, American Society for Metals, Feb., p. 97 . 
Raising Endurance Limit by Pre-Stressing, J. B. Kom 
mers, Steel, Mar. 5, p. 26. 


Fatigue Tests on Helical Springs, J. B. Johnson 


Iron Age, Mar. 15, p. 12.... Better Instrument Springs, 
R. W. Carson, Electrical Engineering, Feb., p. 282... . 


Manufacture of “Knee-Action” Units, J. M. Bonbright 
Iron Age, Mar. 1, p. 28 B; Mar. 8, p. 25 D. 

Valve Seat Wear, C. G. Williams, Journal, Institu 
tion of Automotive Engineers, March, p. 20. 

The Beginning of Metal Ceilings, A. E. Bowers, Jr.. 
Sheet Metal Worker, Jan., p. 23. Steel Frames 
for Modern Homes, Alexander Miller, Steel, Feb. 5, 
p. 32. 

Manufacture of Heavy Anvil Blocks, J. Roxburgh, 
Iron & Steel Industry, Dec., p. 71. 

Inspection of Riveted Seams, J. P. Morrison, Boil 
er Maker & Plate Fabricator, Jan., p. 9... .Inspection 
of Precise Screw Machine Products, Machinery (Lon- 
don), Feb. 15, p. 594. 

Failures of Mining Equipment, J. H. Andrew, (Pa- 
per for Midland Institute of Mining Engineers) Iron & 
Coal Trades Review, Jan. 5, p. 8. 


Tools and Cutting 


Comparative Cutting Properties of Modern Tools 
and Taylor’s “No. 1 High Speed”, Iron Age, Feb. 8, p. 
25... . . Cutting Ability of Stellite and High Speed, 
I. A. Swidlo, American Machinist, Jan. 3, p. 10... . . 
Early History of Tungsten Carbide, Karl Schroeter, Iron 
Age, Feb. 1, p. 27. . . . . Welding Cutter Tips to Tool 
Shanks, J. M. Highducheck, Machinery, Feb., p. 341... 
Materials and Methods of “Hard Facing”, Welding, 
Jan., p. 21. 

Cutting Fluids for Hack Saws, O. W. Boston, 
(Progress Report No. 5, American Society of Mechan 
ical Engineers) Iron Age, Dec. 28, p. 11. 

Making Dies for Auto Bodies, C. O. 
chinery, Feb., p. 321. 

Machining of Monel Metal, American Machinist, 
Jan. $, ». 17. 

External Broaching, Joseph Geschelin, Journal, So 
ciety of Automotive Engineers, Feb., p. 63. 

Gas Cutting, as an Aid to Welded Design, Harold 
Verson, Welding Engineer, Jan., p 13..... Flame Cut 
ting and Machining, R. F. Helmkamp, Journal, Ame! 
ican Welding Society, Feb., p 4. 


Herb, Ma 


Welding Practice 


Impact Values of Weld Metal, J. C. Hodge, Journal 
American Welding Society, Jan., p. 12. Shear- 
ing Tests on Resistance Welds, G. A. Hughes, Welding, 
Jan., p. 11.... Bending Tests on Welds, H. N. Boetcher, 
Journal, American Welding Society, Feb., p. 31. 
Stresses in Fillet Welds Under Complex Loading, ©. 
D. Jensen and A. G. Salakian, Journal, American Weld 
ing Society, Feb., p. 17 and 22... . Specifying Welded 
Products, A. N. Kugler, Welding, Feb., p. 66. 

Are Welding Advances, Electrician, Jan. 26, p. 
107. . . . Welding in the Chemical Industry, Chem 
ical Age, Jan. 27, p. 77 .... Manufacture of Automobil 
Wheels of Welded Steel, A. H. Allen, Steel, Mar. 5, p 
23... . Welded Equipment for Mercury-Vapor-Stean 
Power Plant, R. H. Rogers, Welding, Feb., p. 71... - 


(Continued on Page 52) 
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MM-I 
| 
| 
This equipment embodies the latest optical Some of the outstanding features of dark- 
. field illumination are: 
and mechanical improvements for visual 
A. Revelation of the true surface relief 
observations as well as photomicrography. structure in perfect contrast due to 
The new darkfield illumination as a sup- complete freedom from internal reflec- 
tions, unavoidable with vertical illumi- 
plement to vertical illumination produces nettom 
effects which permit microscopical analy- B. Revelation of ultra microscopical in- 
‘lusions » to diffraction. 
sis where observation of structural details clusi due 
C. Increased resolving power due to high 
was impossible heretofore. aperture of illumination. 
A new series of objectives corrected for infinity and especially designed 
for darkfield as well as vertical illumination greatly increases the efficiency 
of the apparatus. The new automatic arc lamp of improved design 
adapted to the rigid illumination stand operates with utmost reliability. 
Le rZ MM no-MrE FALLOGRAPH 
MM-2 
| J 
This instrument with the microscope stand identical to that of Model MM-1 
meets practical requirements in laboratory use, including darkfield illumi- 
nation. An incandescent lamp of high intensity in precentered and focused 
mount guarantees a truly permanent alignment of the illumination system. 
Although of highest efficiency, the instrument is so moderate in price that 
Industrial and Educational Laboratories with limited purchasing budgets 
can be accommodated. 
Write for Literature: Section 52-B 
E. LEITZ. Ine.. Dept. 498, 60 East 10th Street, New York, N. Y. 
1B WASHINGTON, D. C. CHICAGO, ILLINOIS LOS ANGELES, CALIF. SAN FRANCISCO, CALIF. 
. 1427 Eye St. N. W. 122 S. Michigan Ave. Sil W. Seventh St. 86 Third St, 
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At the 
THREADWELL TOOL 
Greenfield COMPANY Massachusetts 


sf 


NA-21 Furnace at Threadwell Co. Max. Temp. 12000 F. 


they use the new “AMERICAN” 
Electric Air Tempering Furnace 
for drawing and tempering both 
‘ carbon and high speed taps and 


dies. 
e 


Threadwell knows that tools for 
craftsmen require heat treating 
furnaces built by craftsmen, so 
they chose “AMERICAN.” 

If you, too, have use for drawing 
or tempering equipment that is 
both efficient and economical, 
why not call on us? 


American Electric Furnace Co. 
30 Von Hillern Street Boston, Massachusetts 
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ARTICLES WORTH READING 


Welded Boilers, G. W. Plinke, Power Plant Enginee: 
ing, Feb. p. 97... .Welding in a Large Tank Shop 
J. C. Holmberg, Iron Age, Feb. 15, p. 31... . Rein 
forcing Members of Highway Bridge by Welding, C. M 
Vetter, Welding, Feb., p. 53... .. Welded Railway Car 
Frames and Bodies, Welder, Feb., p. 65 and following 
.. Cutting and Welding on Large Caissons During 
Sinking, J. H. Dodge, Welding Engineer, Feb., p. 17. 

Construction Routine for 120-ft. Ship (Welded) 
P. B. Dungan, Journal, American Welding Society, Jan., 
p. 37. 

Field Welding and Testing of Standard Work. 
Rt. S. Hale, Welding Engineer, Jan., p. 21. . . . . Beam 
and Column Connections (Welded), G. D. Fish, Journal, 
American Welding Society, Jan., p. 20. 

Welding Copper with Carbon Arc, W. J. Chaffee, 
Welding, Jan., p. 19. . . . . Welding Copper for the 
Chemical and Allied Industries, Werner Froelich, Cana- 
dian Chemistry & Metallurgy, Jan., p. 13. 


Plating and Finishing 


Progress in Electro-Deposition, E. A. Ollard, Metal 


Industry, Jan. 12, p. 70..... Measuring Adhesion of 
Electroplates, R. J. Piersol, Metal Cleaning & Finish- 


Industry, Dec. 22, p. 603... .. Galvanizing Malleable 
Castings, G. M. Thrasher, Foundry, Jan., p. 19. 

Zine as a Protector of Steel, H. R. Simonds, Iron 
Age, Mar. 22, p. 12. 

Pickling as a Manufacturing Process, H. R. 
Simonds, Iron Age, Jan. 11, p. 14; Jan. 25, p. 20..... 
Electro-Cleaning with Sodium Metasilicate, F. J. Hen- 
ning, Metal Cleaning & Finishing, Dec., p. 497. 

How to make Hard Chromium Plate, for Wear, 
D. A. Nemser, Iron Age, Feb. 1, p. 14. . . . . Health 
Protection in Plating Plants, R. J. Piersol, Metal Clean- 
ing & Finishing, Jan., p. 25. 

Grinding Rod for Coil Springs, Abrasive Industry, 
Feb., p. 10. 

Grinding Corrosion Resisting Castings, Edwin Bre- 
mer, Abrasive Industry, Feb., p. 8... . . Cleaning by 
Blasting with Abrasive, W. A. Rosenberger, Machinery, 
Feb., p. 353. . . . . Appraising the Commercial Abra- 
sives, F. B. Jacobs, Metal Cleaning & Finishing, Jan.., 
Appraisal of Various Plated Finishes, Gustaf Soder- 
berg, Iron Age, Feb. 15, p. 22... . Plating Zine Die 
Castings, Carl A. Hiissner, Metal Cleaning & Finish- 
ing, Feb., p. 63... . Layout of Plating Department, 
L. C. Pan, Metal Cleaning & Finishing, Feb., p. 53. 

Finishes on Domestic Refrigerators, R. C. Martin, 
Metal Cleaning & Finishing, Feb., p. 57. 

Polishing Nickel and Monel Metal, H. R. Power. 
Metal Cleaning & Finishing, Feb., p. 76. 


Corrosion and Corrosion Resistors 


Soil Corrosion Studies, K. H. Logan, Bureau 0! 
Standards Journal of Research, Jan., p. 119. ' 
Protecting Gas Services From Corrosion, K. L. Clark, 
Gas World, Jan. 27, p. 87. . . . . Corrosive Effects of 
Hydrogen Sulphide on Steel, Gas Age-Record, Feb. 3. 
p. 108 .... Chromium-Tungsten Steel for Synthesis o! 
Ammonia, P. R. Kosting, Metals & Alloys, March, p. 54 

Chromium-Nickel Steels Containing Columbium, F 
M. Becket, Technical Paper 519, A.I.M.M.E. . . . - 
X-Ray Studies of Nickel-Chromium Alloys, E. R. Jette 
Technical Paper 522, A.I.M.M.E. .... Forging Rustles» 
Steel, R. A. Fiske, Iron Age, Feb. 22, p. 14... Ho! 
Brittleness of 18-8, M. Schmidt, The Metallurgist, March 
p. 102. 
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